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MCI-R241-NRL 

INFORMATION 



FOR 



MCI STUDENTS 

Welcome to the Marine Corps Institute training program. Your Interest in 
self-Improvement and increased professional competence is commendable. 

Information is provided below to assist you in completing the course. 
Please read this guidance before proceeding with your studies. 

1. MATERIALS 

Check your course materials. You should have all the materials listed in 
the "Course Introduction. " In addition you should have an envelope to mail 
your review lesson back to MCI for grading unless your review lesson answer 
sheet 1s of the self-mailing type. If your answer sheet 1s the pre-pr1nted 
type, check to see that your name, rank, and social security number are 
correct. Check closely, your MCI records are kept on a computer and any 
discrepancy in the above Information may cause your subsequent activity to go 
unrecorded. You may correct the information directly on the answer sheet. If 
you did not receive all your materials, notify your training NCO. If you are 
not attached to a Marine Corps unit, request them through the Hotline (autovon 
288-4175 or commercial 202-433-4175). 

2. LESSON SUBMISSION 

The self-graded exercises contained in your course are not to be returned 
to MCI. Only the completed review lesson answer sheet should be mailed to 
MCI. The answer sheet is to be completed and mailed only after you have 
finished all of the study units 1n the course booklet. The review lesson has 
been designed to prepare you for the final examination. 

It is Important that you provide the required information at the bottom of 
your review lesson answer sheet 1f 1t does not have your name and address 
printed on 1t. In courses 1n which the work is submitted on blank paper or 
printed forms, Identify each sheet 1n the following manner: 

DOE, John J. Sgt 332-11-9999 
08. 4g, Forward Observation 
Review Lesson 

Military or office address 
(RUC number, 1f available) 

Submit your review lesson on the answer sheet and/or forms provided. 
Complete all blocks and follow the directions on the answer sheet for 
mailing. Otherwise, your answer sheet may be delayed or lost. If you have to 
Interrupt your studies for any reason and find that you cannot complete your 
course 1n one year, you may request a single six month extension by contacting 
your training NCO, at least one month prior to your course completion deadline 
date. If you are not attached to a Marine Corps unit you may make this 
request by letter. Your commanding officer 1s notified monthly of your status 
through the monthly Unit Activity Report. In the event of difficulty, contact 
your training NCO or MCI Immediately. 
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3. MAIL-TIME DELAY 



Presented below are the mai 1 -time delays that you may experience between 
the mailing of your review lesson and its return to you. 



EAST COAST 
WEST COAST 
FPO NEW YORK 
FPO SAN FRANCISCO 



TURNAROUND 
MAIL TIME 

16" 

16 

18 

22 



MCI PROCESSING 
TIME 

5 

5 
5 
5 



TOTAL NUMBER 

DAYS 
21 

21 

23 

27 



You may also experience a short delay in receiving your final examination 
due to administrative screening required at MCI. 



4. GRADING SYSTEM 



LESSONS 



GRADE 


PERCENT 


MEANING 


A 


94-100 


EXCELLENT 


B 


86-93 


ABOVE AVERAGE 


C 


78-85 


AVERAGE 


D 


70-77 


• £L0W AVERAGE 


NL 


BELOW 70 


FAILING 



EXAMS 



GRADE 

A 
B 
C 
D 
F 



PERCENT 

94-100 
86-93 
78-85 
65-77 
BELOW 65 



Ycu will receive a percentage grade for your review lesson and for the 
final examination. A review lesson which receives a score below 70 is given a 
grade of NL (no lesson). It must be resubmitted and PASSED before you will 
receive an examination. The grade attained on the final exam is your course 
grade, unless you fail your first exam. Those who fail their first exam will 
be sent an alternate exam in which the highest grade possible is 65%. Failure 
of the alternate will result in failure of the course. 

FINAL EXAMINATION 

ACTIVE DUTY PERSONNEL: When you pass your REVIEW LESSON, your examination 
will be mailed automatically to your commanding officer. The administration 
of MCI final examinations must be supervised by a commissioned or warrant 
officer or a staff NC0. 



OTHER PERSONNEL: Your examination may be administered and supervised by 
your supervisor. 

6. COMPLETION CERTIFICATE 

The completion certificate will be mailed to your commanding officer and 
your official records will be updated automatically. For non Marines, your 
completion certificate is mailed to your supervisor. 



7. RESERVE RETIREMENT CREDITS 



Reserve reti recent credits are awarded to Inactive duty personnel only. 
Credits awarded for ecxh course are listed 1n the "Course Introduction." 
Credits are only awarded upon successful completion of the course. Reserve 
retirement credits are not awarded for MCI study performed during drill 
periods 1f credits are also awarded for drill attendance. 

8. AMERICAN COUNCIL ON EDUCATION (ACE) ACCREDITATION 

Many of MCI's MOS courses have been evaluated by ACE and determined to 
have equivalency credit 1n either the Vocational Certificate (VC) category or 
the Baccalaureate/Associate Degree (BA) level. 

If you are enrolled 1n a college or vocational program or plan to enroll 
and have completed one or more MCI courses, you may be able to receive college 
or vocational credit for them. All that you need to do 1s to petition your 
school to see 1f they will award you credit for the courses that apply to your 
program area. You will need your completion certificate, and the Evaluation 
of Educational Experiences 1n the Armed Services. 



9. DISENROLLMENT 



Only your commanding officer can request your dlsenrollment from an MCI 
course. However, an automatic dlsenrollment occurs 1f the course 1s not 
completed (Including the final exam) by the time you reach the CCD (course 
completion deadline) or the ACCD (adjusted course completion deadline) date. 
This action will adversely affect the unit's completion rate. 

10. ASSISTANCE 



Consult your training NCO 1f you have questions concerning course 
content. Should he/she be unable to assist you, MCI 1s ready to help you 
whenever you need 1t. Please use the Student Course Content Assistance 
Request Form (ISD-1) attached to the end of your course booklet or call one of 
the AUTOVON telephone numbers listed below for the appropriate course writer 
section. 



Personnel /Adm1 n1 strati on/Correct1 ons/Log1 st1 cs 289-3259 
Embarkatl on/Ma 1 ntenance Management 

Conmunl cat1 ons/El ectronl cs/Av1 at1 on/NBC/Intel 1 1 gence 238-3604 

Infantry 288-3611 

Engineer /Motor Transport/Utilities 288-2275 

Suppl y/Food Servl ces/F1 seal 288-2235 

Tanks/Artlllery/Infantry Weapons Repair 288-2290 
Assault Amphibian Vehicles 

For administrative problems use the UAR or call the MCI HOTLINE: 288-4175 



For commercial phone lines, use area code 202 and prefix 433 Instead of 

288. 



AUTOMOTIVE FUEL AND EXHAUST SYSTEMS 



Course Introduction 

AUTOMOTIVE FUEL AND EXHAU§T SYSTEMS Is designed to introduce the automotive mechanic 
to the basic operations of automotive fuel and exhaust systems incorporated on military 
vehicles. Trouble-shooting guides for dlesel fuel injection systems are included as 
appendices so the mechanic may keep a reatty reference to trouble-shooting dlesel system 
malfunctions. Maintenance and repair Information Including removal of components are covered 
1n the technical manual for the respective vehicle and, therefore, are not covered in this 
course. 







ADMINISTRATIVE INFORMATION 






ORDER OF STUDIES 


C^il Ail Ha J 4 

stuqy Unit 
Number 


Stucfy 
Hours 


Subject Matter 


1 

2 
3 
4 


2 

o 

4 

1 

2 
2 

I** 


Characteristics of Fuel 
Gasoline Fuel System 
Diesel Fuel Systems 
Exhaust System 
REVIEW LESSON 
FINAL EXAMINATION 


RESERVE RETIREMENT 
CREDITS: 
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COLLEGE CREDIT: 




American Cc.ncll on Education (ACE) has awarded 35.25b, Automotive 
Fuel and Anaust Systems, 2 semester hours in aasoline ar.d dlesel fuel 
systems in lower division Baccalaureate/Associate Degree. 


EXAMINATION: 




Supervised final examination without text or notes with a time limit 
of 2 hours. 


MATERIALS: 




MCI 35.25b, Automotive Fuel and Exhaust Systems, Review lesson and 
answer sheet. 


RETURN OF MATERIALS: 


Students who successfull> complete this course are permitted to keep 
the course materials. 






Students disenrolled for Inactivity or at the request of their 
commanding officer will return all course materials. 



SOURCE MATERIALS 

Principles of Automotive Vehicles, Jan 56 
Truck 5 ton 6 x 6 M809, Jul 72 
Truck Cargo 1-1/4 ton 4 x 4 M880, Jan 76 
Truck Chassis 5 ton 6 x 6 M939, Sept 82 
Truck Chassis 5 ton 6 x 6 M939, Oct 82 
Truck Chassis 5 ton 6 x 6 M939 (DS&GS), Oct 82 
Truck Cargo 1 1/4 ton 4 x 4 M1008, Apr 83 
Truck Cargo 1 1/4 ton 4 x 4 Ml 008, May 83 
Engine, Diesel , Oct 65 



TM 9-8000 
TM 9-2320-260-20 
TM 9-2320-266-20 
TM 9-2320-272-20-1 
TM 9-2320-272-20-2 
TM 9-2320-272-34-2 
TM 9-2320-289-20 
TM 9-2320-289-34 
TM 9-2815-202-34 
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MARINE CORPS INSTITUTE STUDY 
GUIDE 



Congratulations for enrolling in the 
Marine Corps Institute's correspondence 
training program! By enrolling in this 
program, you have shown a desire to 
improve the skills you need to enhance your 
on-the-job performance. 



Since 1920, MCI has been helping tens 
of thousands of hard-charging young 
Marines, like yot elf, achieve educational 
goals by teaching necessary new skills or 
reinforcing existing skills. MCI will do every 
thing possible to help you reach your 
individual goals, whatever they may be. 



Before you begin your course of 
instruction, you may be asking yourself, 
"How much will I benefit from a 
correspondence training program?" The 
answer to this depends upon you, "YOUR 
PROFESSIONAL TRAITS" (what you bring 
to the learning situation) . 



Because you have enrolled in an MCI 
course, your professional traits are evident 
and we know that: 



YOU ARE PRO PERL Y MOTIVATED. 

You made a positive decision to get training 
on your own. Self-motivation is perhaps the 
most important force in learning-or 
achieving— anything. Wanting to learn 
something badly enough so that you will do 
what's necessary to learn- THAT IS 
MOTIVATION. 

YOU SEEK TO IMPROVE 
YOURSELF. You enrolled to learn new skills 
and develop special abilities. 

YOU HAVE THE INITIATIVE TO 
ACT. By acting on your own, you have shown 
that you are a self-starter, willing to reach out 
for opportunities. 

YOU ACCEPT CHALLENGES You 

have self-confidence and believe in your 
ability to gain training in your areas of 
interest. 

vi 
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YOU ARE ABLE TO SET 
PRACTICAL GOALS You are willing to 
commit time, effort, and resources toward 
accomplishing what you set out to do. These 
professional traits will help you achieve 
success in your MCI program. 

To begin your course of study: 

* Look at the course introduction page. 
Read the COURSE INTRODUCTION 

to get the "nitty gritty" of what the course is 
about. Then read the MATERIALS section 
near the bottom of the page to find out which 
text(s) and study aids you should have 
received with the course. If any of the listed 
materials are missing, see Information for 
MCI Students to find out how to obtain them. 
If you have everything that is listed, you are 
ready to begin your MCI course. 

* Read through the TABLE OF 
CONTENTS of your text(s). Note the 
various subjects covered in the course and 
the order in which they are taught. Leaf 
through the text(s) and look at the 
illustrations. Read a few work unit exercise 
questions to get an idea of the types of 
questions that are asked. If MCI provides 
other study aids, such as a slide rule or a 
plotting board, familiarize yourself with 
them. Now, you are ready to begin work on 
your MCI course. 

* Turn 10 the first page of study unit 1. 
On this page you will find the study unit goal. 
This is a statement of what you should be 
able to do when you complete the final exam. 
Each study unit is divided into work units. 
Each work unit contains one terminal 
learning objective and several enabling 
objectives. The terminal learning objective is 
what you should be able to accomplish when 
you complete the work unit exercises. The 
enabling objectives are the steps you need to 
learn to help you accomplish the terminal 
learning objective. Read each objective for 
the work unit and then read the work unit 
text carefully. Make notes on the ideas you 
feel are important. 

* Without referring to the text, answer 
the questions in each exercise. 

* Check your answers against the 
correct ones listed at the end of the study 
unit. 



* If you miss any of the questions, 
restudy the work unit until you understand 
the correct response. 

* Go on to the next work unit, repeating 
the above steps, until you have completed all 
the work units in the study unit. 

* Follow the same procedure for each 
study unit of the course. If you have 
problems with the text or work unit 
questions that you cannot solve on your own, 
ask your training NCO for the name of 
someone who can help you. If they cannot 
aid you, request assistance from MCI on the 
Student Course Content Assistance Request 
included with this course, or refer to your 
INFORMATION FOR MCI STUDENTS 
(MCI-R24i-NRL) for the telephone number 
of the appropriate Course Developing 
Division at MCI. 

* When you have finished all the study 
units, complete the course review lesson. Try 
to answer each question without the aid of 
reference materials. However, if you do not 
know an answer, look it up. When you have 
finished the review lesson, take it to your 
training officer or NCO for mailing to MCI. 
MCI will grade it and send you a feedback 
sheet (MCI-R69) with your final 
examination listing course references for any 
questions that you missed on the review 
lesson. 



RECON" Reviews: 



Also, knowing that you are going to 
conduct a "reconstruct-review" will change 
the way you approach your learning session. 
You will try to learn so that you will be able 
to "reconstruct the event." 

2. Use unused minutes. While waiting at 
sick bay, riding in a truck or bus, living 
through field duty, or just waiting to 
muster— use these minutes to review. Read 
your notes or a portion of a study unit, 
recalculate problems, do self-checks a second 
time; you can do many of these things during 
"unused" minutes. Just thinking about a 
sequence of instruction will refresh your 
memory to help "secure" your learning. 

.3. Apply what you've learned. Always, it is 
best to do the thing you've learned. Even if 
you cannot immediately put the lesson to 
work, sometimes you can "simulate" the 
learning situation. For example, make up 
and solve your own problems. Make up 
problems that take you through most of the 
elements of a study unit. 

4. Use the "shakedown cruise" technique. 
Ask a fellow Marine to lend a hand and have 
him ask you questions about the course. 
Give him a particular study unit and let him 
fire away. It can be interesting and 
challenging. 

The point is, reviews are necessary for 
good learning, but they don't have .o be long 
and tedious. Several short reviews can be 
very beneficial. 



To prepare for your final examination Semper Fi 

you must review what you learned in the 
course. Therefore, why not make reviewing 
as interesting as possible. The following 
suggestions will make reviewing not only 
interesting but also a challenge. 

1. Challenge yourself. Reconstruct the 
learning event in your mind. Try to recall and 
recapture an entire learning sequence, 
without notes or other references. Can you 
do it? You just have to "look back" to see if 
you've left anything out, and that will be an 
interesting read-through (review) for you. 

Undoubtedly, you'll find that you 
were not able to recall everything. But with a 
little effort you'll be able to recall a great deal 
of the information. 
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STUOf UNIT I 
CHARACTERISTICS Of fUELS 

SIST.f ^L5!iL ctm, " ltmn m * 10 * whwkcs. you will lomnrr the fwls 

£f? J!i£S!!* "STATION tWIiCJl THE fOLATILlTY Of fUELl THE 5TA0I5 Of NORMAL 
rm COMBUSTION) Tut CAUSES AW EffECTS Of AMOftMAL COMBUST ON ( WHY AD01T1VCS ARE 

lOSUTIfY TMI REQUIREMENTS Of OICUL fUEL. 

mn »<( 1. 1, characteristics of oasaim 

HIT THE THREE TYPES Of FUEL USEO IN INTERNAL COMBUSTION ENGINES. 

IttnilfY fOLAIIUTT Of fWElS. 

LIST THE THREE STAGES Of NORMAL COMWSTION. 

STATt THE TWO TTfES Of AMORMAL COMWSTION IN THE INTERNAL COMBUSTION CNQINC. 

LIST THE CAUSES AMD EffECTS Of OCTOMATIM. 

LIS1 Tut CAUSES AND EffECTS Of PRE-16NIT10N. 

STATE TME PURPOSE Of AMINO TETRAETNTl LEAD TO GASOLINE. 

MATE TME PURPOSE Of USING UNLEADED GASOLINE IN TME INTERNAL COMBUSTION ENGINE. 

Tb* internal contort t ion engine oust use eoorgy (Tut I) to obtain powtr. In tut Motor 
tr*ntp*rt nolo, tbit power would be ut*d to mm Mtoaotivt v*bicl*t to transport personnel 
ond cargo. TN« type* end cfterocterittict of fuel end bow tno fool it dollvorod in the proper 
rotio to too ceoftottio* con* or oro oipUiued in tbis course. In twit study unit, gasoline 
ono dietel fool cfterectorittict will be discussed. 

Tnoro oro tbree types of fooli utod in tno intomol cooftustlon engine—natural got, 
I if. if too petreleua gas, ono fossil fool. Rotor*! gas it a coobestlble got forced Mturally 
in wo eortft wber* petrol*** (crude oil) it produced, liquified potrolowi not (LF6) It a 
byproduct of refining crodo oil. Tuese foolt novo boon vtod In tno Intomol contrition ono In* 

win tnccotti r , tn*y mil not oo ditcottod in tNit court* *t tfces* typos of fool *r* 

not utod in ailiterv onninot. 



not otod t* ailitery onfinot 

Goto! in* ond dietel, *t utod in eutoaotlve engines, *r* node by refining crude oil (• 
fottit foot). In tilt wort «nit onto I in* will bo ditcottod. 

6*** lino, * color t*tt liquid obteined by tno refining procott of crudo oil. It • 
•utwro of b**>ocerbeos. Eocb Nydrocorbon has Itt own boiling point (volatility). TNit 
volatility (rig M) or vaporising Ability *ff*ctt tb* mm of ttortlng your vehicle, the 
longtft of wotm period, ond tn* angina's porforaeoce during nontal op*r*t1on. Therefore, 
m volatility of gatolino should bo bigb for oaty starting of your vobiclo in cold weather. 
Nowovor, wboo tb* ongino worm up, tno highly voUtll* fool vaporliot in tno fool lino (vapor 
lock) wntcft cows** fool starvation to two ongino (no fool to tno cylinders), for *ng1n* 
t» o», • fool witb not *s bigb volatility is required. Tbls noons tnat tba fuol oust n*v* • 



. of bigbly volatile Hydrocarbons along witb not so voUtll* Hydrocarbons to allow 
tno ongino to operate in all t on a oraturos (cold start to operating t*ap*r*tur«) . You oust 
... vut l1f>1d gtsollno will not born, only tno vapor is Ignited In tno coobuttlon 
Atoaitation ond v*porit*tio* will be fwrtber discussed In study unit 2. 
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NATU1AL 
OAI 




• If 
— 0 



Fig 1-1. Range of volatility of hydrocarbons. 



0th T char ? c J er1 5 t1c$ of 9«ol1nt which affect engine operation are Impurities, Its 
oxidation, Its anti-knock quality, and the octane rating. Crude oil contains many Impurities 
(sulfur, water, etc.) of wtilch most are removed by modern refining procedures and are not a 
problem. Hydrocarbons 1n gasoline tend to oxidize Into a sticky gum when exposed to air which 
results 1n clogged passages In the carburetor, stuck valves, and excessive deposits 1n the 
combustion chamber. Chemical compounds are added to the gasoline at the refinery to control 
oxidation. 



One of the most important qualities of gasoline Is the ability to burn without causing 
a knocking. The addition of tetraethyl lead to the gasoline reduces this tendency. In order 
to understand what 1s meant by "anti-knock" let us discuss the combustion process. 

NORMAL COMBUSTION (fig 1-2) 

The process of normal combustion has three stages: formation, hatching out, and 
propagation. When the spark occurs 1n the combustion chamber, the fuel-a1r mixture Is Ignited 
which forms a nucleus of flame. As the flame (nucleus) enlarges, fingers of flame are sent 
out, causing a slight rise 1n temperature and pressure 1n chamber. This hatching out of the 
nucleus starts the propagation phase of combustion where effective burning of the fuel-air 
mixture occurs. The flame front burns rapidly, causing great heat and a rapid rise 1n 
pressure. The Increased pressure causes the piston to move downward. 

During normal combustion, burning of the fuel-air mixture Is progressive, increasing 
gradually during the formation and hatching out phases and then continuing rapidly during the 
propagation phase. In normal combustion, pressure and temperature rise progressively rather 
than In a violent manner (explosively). This abnormal combustion (explosion) 1s commonly 
called detonation. 
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Note: Fuel-air mixture does not burn all at once. Flame front moves In a rapid but 
controlled manner throughout the combustion chamber. 

Fig 1-2. Normal combustion. 



ABNORMAL COMBUSTION 

Detonation (fig 1-3) occurs when the fuel-air mixture explodes rather than burns at an 
even rate. This creates an audible knock or pinging sound. As the nucleus of the flame 
spreads across the combustion chamber, the remaining unburned fuel-air mixture Is Ignited 
spontaneously. As the two flame fronts collide, extreme pressure erupts Instantaneously, 
causing an audible sound. In extreme cases of detonation, pistons may shatter and cylinders 
may burst or cylinder heads may crack. This condition may also create overheating, broken 
spark plugs, high fuel consumption, and loss of power. There are several probable causes of 
detonation which Include fuel of too low an octane rating, lean fuel-air mixture, lugging the 
engine, Ignition timing over advanced, and excessive carbon accumulation In the combustion 
chamber. 




Fig 1-3. Detonation. 



Pre-ignition (fig 1-4) results when the fuel-air mixcure is ignited before the regular 
spark occurs. Pre-ignition may result In a pinging sound if the regular spark occurs shortly 
after the spontaneous ignition. However, a lack of noise is just as common. If premature 
combustion Is completed prior to the regular spark, no noise is heard. Pre-ignition and 
detonation are closely linked and It is difficult to distinguish between them. Pre-ignition 
can lead to detonation. The causes of pre-ignition are: excessive carbon deposits in the 
chamber; high valve temperature; hot spots due to cooling system defects; hot spark plugs; 
sharp edges In the combustion chamber, and detonation. 




1-3 
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Fig 1-4. Pre-lgnltlon or Igniting of fuel-air mixture 
prior to regular spark Ignition. 



Detonation can be alleviated somewhat by using a gasoline of a higher octane rating. 
This rating Is the ability of a fuel to resist detonation. Octane rating is figured by 
comparison with a control fuel (Iso-octane and heptane). For Instance, a fuel with an octane 
rating of 90 means that the anti-knock qualities of the fuel are the same as those of a test 
fuel of 90 percent Iso-octane and 10 percent heptane. Of course, the tendency of a fuel to 
detonate varies with the operating conditions, the shape of the combustion chamber, and, most 
Importantly, the compression ratio. 

The octane number of a fuel has nothing to do with the starting quality, volatility 
power, or any other characteristics. Performance cannot be improved by using an octane of 
higher number than that which Is satisfactory in that particular engine. 

Additives, which are compounds added to fuel, can decrease detonation, increase the 
octane rating, absorb moisture, reduce deposits in the combustion chamber, or lubricate valve 
stems and rings. 



t Tetraethyl lead Is a compouri added to gasoline which decreases detonation 
tendencies. 

t Alcohol can be used as a fuel for internal combustion engines or mixed with 
gasoline (gasohol). The purpose of adding alcohol to gasoline Is to absorb 
moisture which accumulates in the fuel system as water will not pass through 
filters. However, when the water is absorbed by alcohol, the moisture laden 
alcohol will pass through to the combustion chamber. The alcohol is burned thus 
ridding the fuel system of the corrosive tendency of the water. 

t Benzol, a volatile hydrocarbon, has a high octane value. It is used, 
occasionally, to increase the octane value of gasoline. 



During combustion of gasoline, the temperature in the combustion chamber can be as 
high as 5500 degrees F. Therefore, the boiling range of fuel must be at a point to give good 
results under all temperature conditions (cold start to operating temperature). A lower 
bolllna point of fuel gives more satisfactory results. The boiling range and heat value 
(power) of fuel are adjusted by the refinery. Fuels that cannot vaporize and burn (fuel is 
burned In vaporized state) will accumulate and form deposits in the engine. This is 
noticeable when* the engine Is started (cold). In cold starts, the engine requires a rich 
mixture, and black smoke will normally be emitted from the exhaust. This black smoke Is the 
unburned (raw) fuel. As the engine warms up, a leaner mixture is required and the black smoke 
will stop, normally. If the smoke does not stop after warm-up to operating temperature, the 
reason for the rich mixture must be determined. A sticking choke valve is normally the cause 
or this condition. 

In recent years, there has been concern about atmospheric emissions created by the 
Internal combustion engine. Automotive engineers have devised several methods of reducing 
exhaust emissions (hydrocarbons). One method uses a higher combustion temperature for more 
efficient burning of the fuel and unleaded fuel. The* use of unleaded fuel reduces the amount 
of hydrocarbons and carbon monoxide emitted by the engine and must use a catalytic converter 
In the exhaust system to collect heat and hydrocarbons. A more detailed description of the • 
exhaust system will be discussed in study unit 4. Other emission control devices utilize the 
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engine vacuum system In various ways. Since tactical military vehicles use dlesel fuel, the 
different methods of emission control will not be discussed In this text. 



EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. List the three types of fuel used In Internal combustion engines. 

a. 

b. 

c. 

2. Identify the volatility of fuels. 

a. Ability to flow c. Boiling point or vaporizing ability 

b. Heat valve d. Oxidation 

3. List the three stages of normal combustion. 

a. 

b. 

c. 



4. State the two types of abnormal combustion In the Internal combustion engine. 

a. 

b. 



5. List the causes of detonation, 
a. 
b. 
c. 

d. 

e. 



6. List the effects of detonation, 
a. 



7. List the causes of pre-ignltlon. 
a. 



b. 



c. 



d. 



e. 



f. 



8. List the effects of pre-ignltlon. 

a. 



b. 



9. State the purpose of adding tetraethyl lead to gasoline. 



10. State the purpose of using unleaded gasoline in the internal combustion engine. 



Work Unit 1-2. REQUIREMENTS OF DIESEL FUEL 

LIST THREE MAJOR REQUIREMENTS OF DIESEL FUEL. 

STATE THE REASONS FOR GOOD IGNITION QUALITY. 

STATE HOW THE IGNITION QUALITY OF A DIESEL FUEL IS IDENTIFIED. 

STATE WHY VISCOSITY IS CONSIDERED IN DIESEL FUEL. 

NAME TWO IMPURITIES WHICH ARE FILTERED OUT OF DIESEL FUEL BEFORE IT IS INJECTED 
INTO THE COMBUSTION CHAMBER. 

IDENTIFY HOW THE CETANE RATING OF DIESEL FUEL IS DETERMINED. 

NAME THE ELEMENT IN DIESEL FUEL THAT SIGNIFICANTLY INFLUENCES THE AMOUNT OF CARBON 
AND DEPOSIT FORMATION (WHICH SHOULD BE KEPT AS LOW AS POSSIBLE). 

LIST THE THREE GRADES OF DIESEL FUEL USED IN MILITARY VEHICLES AND SPECIFY THE 
TEMPERATURE RANGE OF EACH. 



Compression ignition engines will run on a variety of fuels; however, some grades cf 
fuel will perform more satisfactorily in these engines than others. Factors which should be 
considered In the selection of fuel are efficiency, reliability, and maintenance costs. The 
cost of the fuel has no bearing on the above factors. 

Diesel fuel supplies all the energy for the engine and, at the same time, lubricates 
and cools the precision parts of the fuel system (pump and injectors). These functions, In 
turn, produce three characteristics of diesel fuel: its ignition quality, viscosity, and 
cleanliness. 

The ignition quality, expressed as cetane rating, insures spontaneous combustion and 
complete burning of the fuel. The time delay between the injection of fuel into the 
combustion chamber and ignition by the hot air is expressed as a cetane rating number. This 
is usually between 30 and 60. Measurement of the ignition quality is done by comparing the 
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operation of an unknown fuel In an engine with the operation of a known reference fuel In the 
same engine. The reference fuel Is a mixture of alpha-methyl -naphthalene and cetane. The 
cetane rating number Indicates the percentage of cetane 1n the reference fuel which matches 
the Ignition qualities of the fuel being tested. 

When fluids get cold, they will get thick and flow slowly. Likewise, when the liquids 
are wann, they flow freely. The resistance to flow, a characteristic of oils and oil 
products, 1s referred to as viscosity. Diesel fuel, an oil product, must have a sufficiently 
low viscosity to flow freely at the lowest temperature encountered, but 1t also must be high 
enough to properly lubricate the precision fitted parts 1n the fuel pump and Injectors. The 
viscosity of the fuel also determines the size of the fuel spray which governs the atomlzatlon 
of the spray upon Injection. 

Fuel 1n any engine must be clean and dlesel engines are no exception. In dlesel 
engines, the fuel must be free of water and sediment. If water or sediment 1s allowed to 
enter the fuel pump, the precision fitted parts will freeze up 1n both the Injection pump and 
Injector. Also, spray tips can be blown off 1f water settles at the nozzle valve. Another 
element which must be considered 1n dlesel fuel 1s the sulfur content. Sulfur must be kept at 
a low level. Tests have shown that Increasing sulfur 1n dlesel fuel combustion chamber by 1 
percent Increases valve wear and combustion chamber deposits significantly (over 125 percent). 

Now that we have discussed some of the major requirements of dlesel fuel, there are 
three types or grades of fuel available for use 1n military vehicles. The different grades 
are recommended according to the lowest temperatures expected 1n the area of operation. 
Diesel fuel DF-2 1s used when the temperature 1s r.bove 20°F; DF-1 1s used for temperatures 
from -20°F to +20°F; and CF-A 1s used 1n arctic conditions or below -20°F. Paraffin 
forms (separates) 1n dlesel fuel during cold weather. This occurs when an Improper grade of 
fuel 1s used 1n very cold climates. Paraffin 1s present 1n all oil products and will clog 
fuel filters on the vehicle. In the event this does occur, the filters (primary, secondary, 
and final) and the Intank filter sock must be replaced. Also, the remaining fuel must be 
drained and replaced with the proper grade of fuel. 

At this time, an extensive discussion on alternate fuels 1s omitted due to the extent 
of problems they could cause. In short, alternate fuels are those used when the supply of the 
proper grade 1s not available and the movement of equipment 1s necessary. The decision to use 
alternate fuel must be made at a higher echelon of command (MTO) and then only used 
temporarily. 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. List the three major requirements of dlesel fuel. 

a. 



b. 



c. 



2. State the reason for using a fuel with good Ignition quality. 



3. State how the Ignition quality of a dlesel fuel 1s Identified. 



4. State why the viscosity of dlesel fuel 1s considered when determining the type of 
fuel to use. 

a. 

b. 

c. 



5. Name two Impurities which are removed by the filters prior to the fuel being 
Injected Into the combustion chamber. 



6. 



Identify how the cetane rating of dlesel fuel Is determined. 



a. By the percentage of 1so-octane 

b. By a comparison with fuel of known qualities 

c. By the percentage of naphthalene 

d. By the comparison of Iso-octane and naphthalene 

7. Name the element In dlesel fuel that significantly Influences the carbon and 
deposit formation and which must be kept as low as possible. 



8. List the three grades of dlesel fuel used In military vehicles and specify the 
temperature range of each. 

a. 



b. 



SUMMARY REVIEW 

In this study unit, you have learned the types of fuels used In Internal combustion 
engines; the volatility of fuel; the different stages of abnormal combustion; why additives 
are used 1n gasoline; and why unleaded gasoline Is used so extensively 1n today's vehicles. 
Lastly, you learned the various requirements of dlesel fuel. 

In the next study unit, you will learn the principles of carburetlon. 



Answers to Study Unit #1 Exercises 

Work Unit 1-1. 

1. a. Natural gas 

b. Liquified petroleum gas 

c Refined fossil fuels 

2. c. 

3. a. Formation (nucleus of flame) 

b. Hatching out 

c. Propagation 

4. a. Detonation 

b. Pre-lgnltlon 

5. a. Lean fuel mixture 
b« Too low an octane 

c. Over advanced Ignition timing 

d. Lugging the engine 

e. Excessive carbon buildup 

6. a. Shattering of piston 

b. Cracked cylinder head 

c. Overheating 

d. Broken spark plugs 

e. High fuel consumption 

f . Loss of power 

g. Burst cylinder 

7. a. Carbon deposits 

b. High valve temperature 

c ' Hot spots due to cooling system defects 

d. Spark plugs that run hot 

e. Sharp edges in combustion chamber 

f. Detonation 

8. a. A pinging noise 
b. Detonation 

9. To decrease detonation tendencies 

10. To reduce the hydrocarbon and carbon monoxide emissions 
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Work Unit 1-2. 



1. a. Ignition quality 

b. Viscosity 

c. Cleanliness 

2. To ensure spontaneous combustion and complete burning 

3. By Its cetane rating number 

4. a. To ensure the fuel flows at low temperature 

b. To ensure the fuel lubricates the pump and Injectors 

c. To obtain the optimum atomlzatlon of the fuel upon Injection 

5. Water and sediment 

6. b. 

7. sulfur 

8. a. DF-2; temperatures above +20°F 

b. DF-1; temperatures from -20°F to +20°F 

c. CF-A; temperatures below -20°F 
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STUDY UNIT 2 

GASOLINE FUEL SYSTEM 

STUDY UNIT OBJECTIVE: WITHOUT THE AID OF REFERENCES, YOU WILL IDENTIFY THE 
PRINCIPLES OF CARBURETION. YOU WILL IDENTIFY THE PURPOSE OF A CHOKE, HOV CHOKE 
WORKS, AND THE DIFFERENCES BETWEEN A MANUAL AND AN AUTOMATIC CHOKE. YOU *.L ALSO 
IDENTIFY THE PURPOSE OF AN ENGINE MANIFOLD. LASTLY, YOU WILL IDENTIFY THEPURPOSE 
OF A FUEL PUMP, ITS VARIOUS COMPONENTS, AND THE PROCEDURES TO FOLLOW WHEN TESTING 
A FUEL PUMP. 

Work Unit 2-1. PRINCIPLES OF CARBURETION 

STATE THE PURPOSE OF THE FUEL SYSTEM ON AN INTERNAL COMBUSTION ENGINE. 

LIST THE EIGHT MAIN COMPONENTS OF A FUEL SYSTEM. 

STATE THE PURPOSE OF THE CARBURETOR. 

STATE THE CAUSE OF FUEL FLOW THROUGH THE MAIN METERING CIRCUIT OF THE CARBURETOR. 
LIST THE FIVE CIRCUITS OF THE CARBURETOR AND THE PURPOSE OF EACH CIRCUIT. 
STATE THE ADJUSTMENT MADE TO THE IDLE CIRCUIT. 

In the first study unit, the characteristics of gasoline and the combustion of the 
air-fuel mixture in the combustion chamber were discussed. In this study unit, the gasoline 
fuel system and how the ratio of air to fuel Is regulated to obtain the a1r-fuel mixture for 
proper combustion at various speeds and loads will be discussed. 

The purpose of the fuel system in an internal combustion engine 1s to provide the 
engine with a combustible mixture of fuel and air. The proportion of fuel to air must be 
correct regardless of speed and load on the engine. For Instance, the best econony 1s 
obtained under normal conditions with a mixture of one part fuel to about 16 parts air (16 to 
1), while for quick acceleration a mixture of one part fuel to about 12 parts air (12 to 1) 1s 
needed. In order to start an engine when it is cold, an extremely rich mixture Is needed. 
How the extremely rich mixture is obtained for cold starts will be discussed in work unit 
2-2. As mentioned 1n study unit 1, only the gasoline vapors burn. Therefore, the liquid fuel 
must be vaporized 1n order to have proper combustion. How this 1s accomplished will be 
discussed later in this work unit. 

The main components of a fuel system are: fuel tank, fuel lines, fuel pumps, filter, 
carburetor, air cleaner, intake manifold, and emission controls (on some vehicles). The fuel 
tank (fig 2-1) stores the fuel to be used by the engine. The tank is normally made of sheet 
steel and has baffles to reduce the sloshing of fuel created by the movement of the vehicle. 
Also, a fuel level sending unit is installed in the tank to assist the operator 1n maintaining 
the supply of fuel. However, when the fuel level is maintained at a low level (less than 1/2 
tank) for an extended period, condensation will be produced. This is due to the humidity in 
the air which enters the tank and the temperature difference during the day. When humid air 
cools, the humidity condenses and collects in the tank. If the level of condensation (water) 
rises to the level of the main fuel line, the water will be pumped through the lines and 
filters to the carburetor. Water vtV: not burn, therefore, the engine will not run when water 
accumulates in the float bowl of the carburetor. The best way to prevent condensation is to 
keep the fuel level above three-quarters of a tank. 

Caution: Fuel tanks are dangerous, even when apparently empty. DO NOT allow 
sparks or flames near the tank inlet or other holes. 
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Fig 2-1. Fuel tank. 

Fuel lines which are usually made of steel connect the fuel tank with the fuel pump 
and carburetor. The lines provide a path for the fuel to transfer from the tank to 
carburetor. Hoses are used at the tank and the punp to reduce leakage due to vibration. 

Routing of the fuel lines 1s important. The line from the tank to the pump (engine 
compartment) is secured to the frame at various points to eliminate vibration and breakage. 
The line from the pump to the carburetor 1s routed near the exhaust manifold. Heat from the 
exhaust can cause the fuel line to get hot, particularly on hot days and when driving for an 
extended period. The heat will cause the fuel in the Hne to vaporize before reaching the 
carburetor. The heat can travel down to the fuel pump and also vaporize fuel there. This 
condition (vapor lock) will result in not enough fuel (liquid) entering the carburetor 
preventing the engine from running. The remedy is to cool the Hne and either reroute or 
insulate the line from the heat source. 

A fuel pump is a mechanical or electrical device used to supply the carburetor 
(engine) with fuel from the tank. Fuel pumps will be discussed further in work unit 2-6. 

A gasoline engine uses a carburetor to mix fuel with air in the proper proportions to 
produce a combustible mixture which provides the power of the engine. Carburetors will be 
discussed in more detail later. 

A filter is normally placed in the line between the fuel pump and carburetor. This 
filter catches particles of rust and scale moving from the fuel tank through the lines. 
Another filter can be placed inside the inlet to the fuel bowl of the carburetor. 

Air contains particles of dust which, if allowed to enter the engine, can cause 
excessive wear on the working parts (pistons, rings, and cylinder walls). The dust varies 
according to the area of operation. In the military, extremely dusty conditions can be 
attained when driving in off-road operations. An air filter is placed on the intake of the 
carburetor to remove the dust particles prior to entering the engine. Air filters will be 
discussed in work unit 2-4. 

An engine, in a motor vehicle, normally has 4, 6, or 8 cylinders which require an 
air-fuel mixture but only one carburetor (except for high performance engines). A method to 
distribute the air-fuel mixture to the cylinders is required. This is the purpose of the 
intake manifold which will be discussed in work unit 2-3. 

Emission controls, installed on an engine, reduce the emission of hydrocarbons by 
routing vapors from the fuel tank, and those vapors in the crankcase, into the carburetor air 
flow. Military tactical vehicles do not have a vapor recovery system (except for crankcase 
ventilation) and, therefore, will not be discussed in detail. 
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T^rnprt XLlTi.!! 6 h ! Ve d1s S uss 5 d the purpose and the components of a fuel system. You have 
learned that the purpose of a fuel system Is to provide the engine with an air-fuel mixture 

JE/Stt** 0 " 1n the c * nder !* . Th1s w1 " bri »9 to the carburetor which atomizes th? 
fuel with the proper portion of air which produces a combustible mixture. As air Is drawn 

2?i2l?USSi5 y J5 e d K W r rd T ement ° f the P ) Ston * the suct1on produced bflngs al? into 
i!rh„S?S SSlI? th , r ° u 9 h „ the carburetor venturl (an hour-glass shaped restriction In the 
carburetor throat). Actually, atmospheric nressure forces air to compensate for the ow 
pressure created by the downward movement of the piston. The action of the venturl draws fuel 
into the air flow from the carburetor float bowl through either the h?gh sje^clfcult S Z 
speed circuit depending upon the position of the throttle valve and the speed of the engine. 

Th - e ve " tun " P^nclple (action) Is a means of Increasing the vacuum In the carburetor 
IZM: 1! nder "and this, It Is necessary to know that the total energy of all things 
remains constant but this energy can change from one form to another form. If one form of 
energy increases, then one or more other forms of energy must decrease to keep the total 
energy constant. As air travels through the air horn of the carburetor, the molecules must 
speed up to go through the venturl if all the molecules are to get through. Thus, the 
! u?!??Ld P ;« hMnn 1 * 'Tl^M de - reaSe 1n £ reSSUre and temperature. This act oi (fig 2-2) 
2rf2U • 9 fUe 1n £° th f. air stream ^ P ,aci "9 a tube from the float bowl at the 
22!J,2l < S X1 ! U ! VaC ? Um (c ! nter 0f ^ ne vent "rl). Another item to contend with Is the 
atomizat on of fuel Into the ventun where pressure and temperature are reduced further bv the 

E a E22° n °l th l fU t ? SometimeS * the temperature can beVeduced to the p"nt wherflce my 
be formed on the throttle valve, particularly in cold, humid climates. 




— FIOA1 BOwi 



Fig 2-2. Simple carburetor showing venturi action and 
fuel flow through the high speed circuit. 

Since the purpose of the carburetor is to mix fuel with air in proper proportions we 

T,t m tll V S ? SS 5°? thiS takeS P ,ace ' Gasoline in ^e liquid form doe? not burnwhich meanl 
that the fuel must be in a vapor when the air-fuel mixture enters the combustion chamber? To 

XSRlS IV S ? ff j? ientl * and rapidTy. the fuel is atomized (reduced to fine particles when 
mixed with the air flowing through the venturi. The smaller particles of fuel enhance the 
JSZ\lll ?U PJ° C ? S ?' Atomization, along with heat from engine operation, completely 
dSSer? 1n 1 manifold as the air-fuel mixture travels to the combustion 



ERIC 



2-3 



24 



Now, let's look back at the process discussed thus far. There Is air flowing through 
a venturl with a main metering valve (tube) installed In the center of the venturl. This in 
Itself will operate an engine at a constant speed (high speed circuit has been described) 
after the engine has reached operating temperature. The engine 1n a motor vehicle normally 
does not operate at a constant speed. Therefore, we must provide a means of varying the speed 
according to the load required (cold start, idle, acceleration, and high speed). To start an 
engine while it 1s cold requires a rich a1r-fuel mixture (sometimes 8 to 1) while high speed 
operation needs an air-fuel mixture ratio of 16 to 1. These two ratios are the extremes, and 
other operational requirements fall between the 8 to 1 and 16 to 1 ratios. Control of the 
air-fuel mixture 1s accomplished by the five circuits of the carburetor, the float circuit, 
low speed (Idle) circuit, acceleration circuit, choke circuit and high speed circuit. The 
choke circuit which aids cold starts will be discussed 1n work unit 2-2. 

Before an engine can be started or run, 1t must have fuel vapor mixed with air in the 
combustion chamber. Therefore, fuel must be available in the carburetor at all times. A 
reservoir In the carburetor Is supplied with fuel by the fuel pump. This reservoir 1s called 
the float circuit or bowl (fig 2-3). The fuel enters through a needle valve which is attached 
to a float. The float and needle valve, when adjusted to the specifications In the TM of the 
vehicle, maintain the level of fuel in the bowl provided there is fuel In the tank and vapor 
lock conditions are not present. 




Fig 2-3. Float circuit. 

We now have fuel in the carburetor and the engine is running at an idle. How does the 
fuel mix with the air flow? This is accomplished by the low speed (Idle) circuit (fig 2-4). 
The purpose of the low speed (idle) circuit is to provide the engine with the proper 
combustible mixture (about 8 to 1) to operate at low speeds. In this circuit, passages are 
drilled in the carburetor body from the bowl to a point above the level of fuel, then down to 
the area where the throttle valve is located. You should note in figure 2-4, that at the 
highest point of this passage, an air bleed hole is drilled from the fuel passage to the 
carburetor throat and two holes are also drilled in the lower end of this passage, with an 
idle adjustment screw located in the lowest hole. When an engine is Idling, the throttle 
valve is almost closed which restricts the flow of air into the engine and lowers the vacuum 
in the venturi. The lower vacuum is not enough to pull fuel through the main metering 
circuit. Therefore, since the lower hole in the idle circuit is below the throttle valve 
(where vacuum is greatest), fuel Is pulled from the bowl toward the air bleed hole and is 
mixed with the air coming in through the air horn. This air-fuel mixture travels down through 
the passage to idle adjustment screw and into the intake manifold and cylinders. This causes 
the engine to run at an idle (low speed). Sometimes the engine runs rough at an idle. This 
is caused by an improper ratio of air and fuel (combustible mixture) admitted by the idle 
circuit. The idl« adjustment screw regulates this ratio by adjusting the amount of air 
admitted into the circuit. 
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Iehifl2" dUreS f ° r adJustment at the 1d,e win be covered m work unit 2-5 and the TM of the 
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Fig 2-4. Low speed (idle) circuit. 

When the throttle valve is opened slightly (fiq 2-5). the vacuum in th* i n +*i« 
manifold affects both the lower holes in the low speeJ 9 circ it. Th?s 5li^ £? and air 
to enter the intake manifold and, therefore, slightly increases the spill of !he eSg?rle ' 



AIR 



LOW SPEED 
PORT 




THROTTLE VALVE (SLIGHTLY OPEN) 



Fig 2-5. Low speed circuit (throttle valve open slightly). 
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TM acceleration circuit (fig 2-e) 1» plecM in a location wnere the supply of fuel it 
T^ii'JiMlS* ^ «•»*"" of i plunger with « leather cup fitted 1n a 
K i!iT* t *! '» Br, » lH B * *■ °Hf«tor, hnMge on tht carburetor nov«t tht 
h unger tMii tM accelerator peap cylinder which forces fuel 1n tho cyllndtr 
throve* a drilled pes**** into tM throat of tho cortourotor. This procoduro holpt to 
eUaiuete too *do*d spot* in tM acceleration of tho engine speed. Excessive puaping of tho 
Tit*,*! •*■»"• (not running) will flood tho engine (couto too auch fuol 
£-i£«J f tP^A™, 2* w M*d aenifeld) particularly when tho engine 1s cold. Whon tho 
gyjg?**! 11 1 !"»••• «ljo opens tho throttlo valve. Thll allows tore air to ontor 

SI-I'^m J5 , 2L*! 1- f!"'." 0 /* «*• »*ln uttering circuit. However, tho engine 
stead will not accelerate until tM air-fuel aixture 1t In proportion! (appro*. 12 to I) to 
KCMnllto tM ouicn acceleration of engine ipeed. In short, the ecceleretor pump circuit 
inject* row fuel into tM *>' flow through the carburetor to increase (enrich) the air fuel 
•latere. 




WO* CHICK 1ALL 



fig 2-4. Acceleration circuit. 

Now that we hate discuss* Mw the carburetor aim the proper aaounts of fuel and air 
at storting, low opted*, and acceleration, let's look at tM high speed circuit. As noted 
previously, tM air-fuel ratio varies with tM speed (load) of the engine. For aaxlaua 

•£*•»'*•• ftlo of about If to I is needed. This Is accomplished by the high speed 
circuit (fig 2-7). TM aaln entering Jet (orifice) eaters fuel into tho air flow. As the air 
MOM t hreat * tat carburetor Increases. tM venturi action reduces the air pressure (creates 
vacate) It the canter of the venter 1. This vacuua pulls fuel through the eater log orifice and 
up tM p***ete where tM fuel is atoaized by tM air flowing through the carburetor. The low 
sated circuit does not aptrete when the vacuua Is lowered by opening the throttle valve. 
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AIR 



MAIN JET 




THROTTLE VALVE (OPEN) 



Fig 2-7. High speed circuit (main metering jet). 

Another high speed circuit found In some types of carburetors Is the metering rod (fig 
2-8). This system uses a stepped (varying diameter) rod Inserted 1n the metering orifice. As 
the throttle 1s opened, linkage moves the metering rod up, which Increases the amount of fuel 
drawn Into the a1r stream. This allows the engine to attain Its maximum power (speed). Other 
systems, power enrichment, vacuum step up, etc., are used In various makes of carburetors, but 
will not be discussed 1n this course due to the fact that they are not being used on military 
vehicles. For any technical Information, repair, or maintenance criteria refer to the 
appropriate technical manual or manufacturer's publication on the appropriate type of vehicle 
(carburetor). 



METERING ROD 
RAISED 




THROTTLE VALVE (OPEN) 



Fig 2-8. High speed circuit (metering rod). 
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Thus far, this work unit has discussed the various circuits of a carburetor that 
pertain to a single barrel carburetor. Multiple throat (barrel) carburetors have the same 
circuits for each throat and, therefore, operate the same, whether It be a quadrajet, two 
barrel, or single barrel. Multiple carburetors are Installed on some special purpose vehicles 
(racing) and each carburetor operates the same as described In this study unit. Linkage 
adjustment Is a major difficulty on the multiple carburetors. 

One classification of a carburetor Is by the draft (air flow). There are updraft, 
sldedraft, and downdraft carburetors which refer to the direction of air flow Into the 
throat. Another classification Is by the number of throats (barrels), single barrel, two 
barrel, and four barrel carburetors are used. Other classifications are used but vary 
according to the manufacturer. 



EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

I. State the purpose of the fuel system on an internal combustion engine. 



2. List the eight main components of a fuel system, 
a. 

b. 

c. 

d. 

e. 

f. ___ 

g. 

h. 

3. State the purpose of the carburetor. 



4. State the cause of fuel flow through the high speed circuit of the carburetor. 



5. List the five circuits of a carburetor on an Internal combustion engine. 

a. 

b. 

c. 

d. 

e. 



6. State the purpose of the low speed (idle) circuit of a carburetor. 



7. State the adjustment made to the idle circuit. 



2-8 29 



8. State the purpose of the float circuit. 



Work Unit 2-2. CHOKES 

STATE THE PURPOSE OF A CHOKE ON AN INTERNAL COMBUSTION ENGINE. 
LIST THE TWO TYPES OF CHOKES. 

LIST THE SYMPTOMS OF EXCESSIVE CHOKING IN AN INTERNAL COMBUSTION ENGINE. 

STATE THE POSITION OF THE CHOKE WHEN THE ENGINE IS AT OPERATING TEMPERATURE. 

STATE HOW ENRICHING THE AIR/FUEL RATIO FOR STARTING A COLD ENGINE BY USE OF THE 
CHOKE IS ACCOMPLISHED. 

STATE THE TWO METHODS EMPLOYED TO IMMEDIATELY LEAN THE AIR/FUEL MIXTURE AS SOON AS 
THE ENGINE IS STARTED. 

In the previous work unit, the principles of carburetion (where the mixture of air and 
fuel is regulated) were discussed. However, when the engine is cold, a very rich mixture is 
required. Normal carburetion cannot, by design, accommodate the extremely rich mixture for 
cold starts. To accommodate the cold starting requirement, a choke is placed in the air horn 
of the carburetor. The choke is a butterfly valve which restricts the air flowing into the 
yenturi. This allows the suction, created by the downward (intake) movement of the piston 
(intake manifold vacuum), to pull raw gasoline into the air flow, enriching the air-fuel 
mixture. Therefore, the purpose of a choke is to aid in starting a cold engine. 

There are two types of chokes: manual and automatic. The manual choke is applied 
when the operator pulls on a cable or wire in the operator's compartment, while the automatic 
choke is applied automatical according to the engine temperature. The disadvantage of a 
manual choke is that the operator must decide when to open the choke (push the cable in) after 
the engine has warmed up. This is not only difficult to ascertain but it also may take 
several minutes. Therefore, the operator will normally allow the choke to be closed (at least 
partially) after the engine has warmed up. Excessive choking causes excessive carbon buildup 
on the spark ptugs and combustion chamber while also increasing gas consumption and flooding 
of the engine. To overcome this, the automatic choke was developed. 

The automatic choke, unlike a manual choke, normally uses heat produced by the engine 
to control the application of the choke valve at the top of the carburetor throat (air horn). 
The heat is supplied by exhaust manifold (normally) or coolant. Electric chokes have also 
been used, but for the purposes of this course, discussion will pertain to the exhaust heat 
actuated choke. 

The exhaust heat actuated automatic choke depends primarily on the unwinding of a 
thermostatic coil spring as heat is applied. There are several methods of supplying heat to 
the choke: a thermostatic coil mounted on the carburetor with heat applied by a tube from the 
exhaust manifold; the thermostatic coil mounted in the exhaust manifold (or crossover) 
connected to the choke by linkage; routing coolant in or near the thermostatic coil on the 
carburetor; or a combination of exhaust heat, air velocity and intake manifold vacuum. 

There are too many methods of applying automatic chokes to discuss them all in detail 
in this course. For repair and maintenance criteria, refer to the appropriate technical 
manual. 

What occurs when the choke valve is closed? The answer is the carburetor air flow is 
restricted. When the restriction is above the venturi (compare to throttle), intake manifold 
vacuum moves into the carburetor throat (up to the restriction). As the piston travels down 
on the intake stroke, the suction pulls fuel from the float bowl (fig 2-9) through the high 
speed circuit, (due to the intake manifold vacuum). The increased air-fuel mixture aids in 
starting a cold engine. However, if the choke remains closed after the engine starts, 
flooding can occur. This is alleviated by one of two methods: by offsetting the choke valve 
(plate) or by having a spring-loaded poppet valve in the choke plate (fig 2-10). Either or 
both methods are used to allow air to enter the manifold as the engine starts which 
immediately leans the air-fuel mixture. As the engine warms up the automatic choke will open 
by exhaust heat acting on the thermostatic coil, while a manual choke will remain closed (or 
partially closed) until the operator pushes the choke cable in. 
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MAIN 
DISCHARGE 

Choke open choke closed 

Fig 2-9. Choke valve. 




F1g 2-10. Details of choke valve. 



The basic operation of a choke valve 1s for 1t to be open when the engine is at 
operating temperature and closed when the engine 1s cold. An added feature to help cold start 
an engine 1s an Idle speed advance cam which automatically advances the idle speed to ensure 
that the engine will keep running with the enriched air-fuel mixture. 
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EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. State the purpose of a choke on an Internal combustion engine. 



2. List the two types of chokes used on Internal combustion engines. 

a. 

b. 



3. List the symptoms of excessive choking 1n an Internal combustion engine. 

a. 

b. 
c. 



4. state the position of the choke valve when the engine 1s at operating temperature. 



5. State how enriching the a1r-fuel mixture for starting a cold engine 1s 
accomplished. 



6. What two methods are used to Immediately lean the a1r-fuel mixture as soon as the 
engine 1s started? 



Work Unit 2-3. ENGINE MANIFOLOS 

STATE THE PURPOSE OF AN INTAKE MANIFOLO. 

STATE HOW ENGINE HEAT IS APPLIEO TO THE INTAKE AIR-FUEL MIXTURE ON INLINE ENGINES. 

STATE HOW ENGINE HEAT IS APPLIEO TO THE INTAKE AIR-FUEL MIXTURE ON "V" TYPE 
ENGINES. 

STATE WHY HEAT IS APPLIEO TO THE INTAKE AIR-FUEL MIXTURE. 

STATE THE MAIN REASON FOR UNEQUAL FUEL DISTRIBUTION IN THE CYLINOERS OF AN ENGINE. 

We have discussed carburetlon or the mixing of fuel with air 1n proper proportions. 
Routing of this mixture to the cylinders 1s accomplished by the Intake manifold. The manifold 
1s the device which connects the carburetor to the cylinders. Some fuel distribution problems 
exist 1n the Intake manifold. The major problem which affects fuel distribution 1s that the 
fuel 1s not completely vaporized 1n the Intake manifold. Gasoline (fuel) will not burn 1n the 
liquid state. The vaporization 1s accomplished by raising the fuel (particles) to Its boiling 
point. The boiling point 1s reached, to an extent, by applying heat to the center of the 
Intake manifold just below the carburetor. On an Inline engine the Intake manifold 1s bolted 
to the exhaust manifold. In this case, a manifold heat control valve (fig 2-11) mounted 1n 
the exhaust manifold causes exhaust heat from the combustion chambers to be routed to the heat 
chamber just below the carburetor. As the chamber heats up, the a1r-fuel mixture 1s also 
heated to aid 1n vaporization particularly with a cold engine. Once the engine 1s at the 
operating temperature, the manifold heat control valve routes all exhaust gases to the exhaust 
pipe. After the engine warms up, the engine (source of heat) and particularly the combustion 
chamber completes the vaporization process. 
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F1g 2-11. Manifold heat control valve. 



In an V-type engine, exhaust heat is directed through an exhaust crossover passage in 
the Intake manifold (fig 2-12). The effect is the same (I.e., applying heat to the a1r-fuel 
mixture which aids in the vaporization process). The complete exhaust system will be 
discussed in study unit 4. 



EXHAUST 
CROSSOVER 




Fig 2-12. V-type intake manifold. 
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Inefficient vaporization of the fuel causes unequal air-fuel mixture In the Individual 
cylinders. This happens because the unvaporlzed particles (hydrocarbons) of fuel have a 
tendency to travel In a straight line (Inertia). The Inertia of these heavy particles causes 
them to pass the branch of the Intake manifold (fig 2-13) which directs the air-fuel mixture 
to the cylinders. The physical characteristics and shape of the manifold, composition of the 
fuel, heat supplied, and engine speed all seriously affect the air-fuel distribution. Unequal 
fuel distribution normally is evident when a cold engine Is started. The rough Idling, 
misfiring cylinders, and black smoke combined Indicate that the cylinders are receiving an 
unequal air-fuel mixture. Unequal fuel distribution results In poor fuel economy and 
Increased exhaust emissions. Because of this, automotive manufacturers are Increasing the 
production of fuel Injected engines. 



EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. State the purpose of the Intake manifold. 



2. State how engine heat Is applied to the air-fuel mixture on Inline engines. 



3. State how engine heat is applied to the air-fuel mixture on "V" type engines. 



4. State why heat is applied to the air-fuel mixture. 



5. State the main reason for unequal fuel distribution in the cylinders of an engine. 



Work Unit 2-4. AIR CLEANERS 

LIST THE FOUR TYPES OF AIR CLEANERS. 

STATE THE PURPOSE OF AN AIR CLEANER. 

STATE WHY THE AIR ENTERING AN ENGINE MUST BE CLEAN. 

STATE THE PREFERRED METHOD OF SERVICING A PAPER ELEMENT AIR FILTER. 

NAME THE AIR CLEANER THAT IS CONSIDERED THE MOST EFFICIENT. 

In the previous work units, the discussion was centered on how air and fuel were mixed 
then transported Into the cylinders for combustion. The air used in the internal combustion 
engine must be free of dust particles or excessive engine wear will result. Therefore, the 
purpose of an air filter is to filter out dust particles. There are four types of air 
cleaners used to filter out the dust particles: oil bath, oil wetted mesh, polyurethane, and 
paper element air cleaners. 

The oil bath type air cleaner (fig 2-13) uses a copper mesh element built into the 
upper housing of the cleaner. The lower housing contains an oil sump (oil bath) which is 
maintained at a specified level. When the engine, 1s running air is drawn into the cleaner 
and is deflected down and across the oil surface. Dust particles are picked up by the oil 
(oil bath). The air then passes through copper mesh to remove oil particles and into the 
carburetor. 

Servicing the cleaner should be in accordance with the TM or about every 5,000 miles. 
The oil must be emptied, the complete unit washed in solvent and the oil sump refilled with 
SAE 40 oil. Very dusty conditions require servicing of the air cleaner more often. 
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F1g 2-13. Oil bath air cleaner. 



The oil wetted mesh type air cleaner is presently used on small gas engines, tractors, 
or stationary engines. In this type air cleaner, the air passes through an oil wetted mesh 
filter ring in which the oil picks up dust particles. This type cleaner has the disadvantage 
of being unable to remove extremely fine dust particles from the air. 

Servicing must be frequent depending on the conditions. Normally, after each use the 
mesh must be washed in solvent or kerosene, squeezed dry, dipped in oil, and excess oil 
allowed to drain off. 

The polyurethane cleaner (fig 2-14) is used on small displacement engines. The 
element is generally supported by a perforated metal ring. When cleaning the polyurethane 
element, care must be taken to prevent damage. The element must be washed in mineral spirits 
or kerosene, squeezed dry, dipped in oil and allowed to drain. 




THROUGH 
POLYURETHANE 



Fig 2-14. Polyurethane element. 
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The dry type or paper element filter (fig 2-15) Is considered the most efficient 
filter and 1s the one that 1s most preferred. It consists of an accordlan-pleated, special 
paper ring sealed on top and bottom with plastic rings. Most servicing situations require 
simple replacement of the element. If the element Is not over 50 percent plugged, as 
determined by placing a light In the center of the ring and observing the outside, It may be 
cleaned by tapping the edge of the element on a hard surface or by blowing the dust particles 
out from the Inside of the ring. Care must be taken not to damage the element, and cleaning 
should be done 1n accordance with the technical manual pertaining to the particular vehicle. 




Fig 2-15. Dry type air filter. 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. List the four types of air cleaners used on the internal combustion engine. 

a. 

b. 

c. 

d. 



2. State the purpose of an air cleaner. 



3. State why air entering an engine must be clean. 



4. State the preferred method of servicing a paper element (dry) air filter. 
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5. Name the air filter considered to be the most efficient. 



Work Unit 2-5. FUEL PUMPS 



STATE THE PURPOSE OF A FUEL PUMP. 
NAME THE TWO TYPES OF FUEL PUMPS. 



STATE THE MINIMUM OPERATING PRESSURE OF A FUEL PUMP. 

STATE THE MINIMUM AMOUNT OF FUEL A PUMP SHOULD DELIVER TO PROVIDE THE ENGINE WITH 
ENOUGH FUEL FOR ALL OCCASIONS. 



LIST FOUR ADVANTAGES OF AN ELECTRIC FUEL PUMP. 

DESCRIBE THE PROCEDURE USED TO TEST A FUEL PUMP'S DELIVERY VOLUME. 



In the operation of an engine, fuel Is mixed with air In the proper proportions. The 
air Is clean (filtered), and the carburetor mixes the two elements. How does the carburetor 
get the fuel which the engine needs? A fuel pump sucks gasoline (fuel) out of the fuel tank 
through fuel lines and pushes the fuel Into the carburetor reservoir (float bowl). In short, 
the fuel pump supplies the carburetor with fuel for use by the engine. Some fuel pumps 
(double action) also produce vacuum to operate some vacuum operated components such as 
windshield wipers. Double action fuel pumps are not used to a great extent since the 
Incorporation of electric windshield wipers on vehicles. 

There are two basic types of fuel pumps— mechanical and electric. A mechanical fuel 
pump (fig 2-16) uses cam action by an eccentric on the camshaft to produce movement of a 
diaphragm. The diaphragm movement creates the suction of fuel from the tank and the pressure 
to push the fuel to the carburetor through check valves (fig 2-17). 




Fig 2-16. Mechanical fuel pump (cross section). 
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Most mechanical fuel pumps used on vehicles are sealed and connot be repaired. Some 
pumps have screws around the diaphragm to hold the valve body and the lower body together. 
Although these pumps can be rebuilt, in most cases it is more practical to replace the pump 
when it does not operate in accordance with criteria contained 1n the technical manual of the 
vehicle. 

Modern fuel pumps can give trouble-free service for many thousands of miles. However, 
when fuel supply problems exist, it is best to insure that the fuel tank has sufficient 
quantity of fuel first, then check the quantity of fuel delivered to the carburetor. To 
ascertain the quantity delivered, disconnect the fuel line at the carburetor and direct the 
line into a suitable container. Crank the engine with the coil wire removed. 

The fuel should be expelled from the line in strong spurts. If no fuel comes out or 
there is an insufficient quantity (1 quart in one minute by ratio), the fuel pump is probably 
defective and should be replaced. This procedure does not eliminate the possibility of a 
restricted fuel filter, fuel line, or air leaks in fuel hoses. In diagnosing fuel pump 
problems, look for leaks (oil or fuel) at the pump and ascertain if fuel has entered the 
crankcase. 

Another method of testing a fuel pump is by connecting a pressure gauge on a TEE in 
the carburetor inlet line. The pressure reading should be at least 5 psi and no more than 8 
psi. Check the specifications in the particular TM when trouble-shooting. 

Electric fuel pumps have advantages over the mechanical pump. First, several pumps 
can be used on one vehicle so that large amounts of fuel can be supplied and also, if one pump 
fails, another will continue to supply the fuel. There is a tremendous reduction of the 
tendency to vapor lock with an electric pump due to normal mounting away from the engine (heat 
source). Electric pumps supply fuel as soon as the ignition switch is turned on, while the 
mechanical pump requires the engine to turn (crank). Another advantage of an electric pump is 
that the fuel in the line, when pressurized, does not pulsate. 

There are two types of electric fuel pumps— suction and pushing. A pushing pump is 
normally mounted in the tank pump. The suction pump is mounted between the tank and 
carburetor. Either pump whether, it is electric (suction or pushing) or mechanical, supplies 
fuel to the carburetor through a fuel filter which eliminates sediment from the fuel. One 
major disadvantage of an electric fuel pump is that it costs more than a mechanical pump. 
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h„« „«♦ hJ22 ll k 0f the „electr1c pump Is the same as a mechanical pump except that the engine 
does not have to be cranking. Just disconnect the line at the carburetor and turn the 
ignition on. If no fuel Is delivered then the pump Is defective or the supply line Is blocked. 

i 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. * 8 

1* State the purpose of a fuel pump. 



2. Name the two types of fuel pumps. 



3. State the minimum operating pressure of a fuel pump. 



4. State the minimum amount of fuel a fuel pump should deliver to provide the enalne 
with enough fuel for all occasions. * 



5. List four advantages of electric fuel pump. 

a. 

b. 

c. 

d. 



6. Describe the procedure used to test a fuel pump's delivery volume. 



SUMMARY REVIEW 

In this study unit, you learned the principles of the gasoline fuel system, its 
dffi'fEl inlect^ljsISls! ° f CarbUretion ' In the " ext stud * we will discuss the 

Answers to Study Unit #2 Exercises 
Won Unit 2-1. 

I. To provide the engine with a combustible mixture of fuel and air 
2- a. Fuel tank 

b. Fuel lines 

c. Fuel pump 

d. Fuel filter 

e. Carburetor 

f. Air cleaner 

y. Intake manifold 
h. Emission control 

3. To meter and atomize t* - fu .. with air in the proper proportion 

4. Ventun action K K 
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6. 



5. a. Float circuit 

b. Low speed (Idle) circuit 

c. Main metering circuit 

d. Acceleration circuit 

e. Choke circuit 

6. To provide the engine with the proper combustible mixture for low speed operation 

7. Idle mixture r r 

8. To maintain a reservoir of fuel In the carburetor at all times 

Work Unit 2-2. 

1. To aid In starting a cold engine 

2. a. Manual choke 

b. Automatic choke 

3. a. Carbon buildup on spark plugs and combustion chamber 

b. Increased gas consumption 

c. Flooding 

4. Open 

5. When the choke is closed (engine cold), the Intake manifold vacuum pulls fuel 
through the high speed circuit. 

By offseting the choke valve (plate) and/or by having a spring-loaded poppet valve 
in the choke valve (plate) 

Work Unit 2-3. 

1. To connect the carburetor to the cylinders 

2. By mounting the intake on the exhaust manifold and Incorporating a manifold heat 
control valve diverting heat to the base of the carburetor 

3. By Incorporating an exhaust crossover passage in the Intake manifold 

4. To aid In the vaporization of the fuel 

5. Inefficient fuel vaporization 

Work Unit 2-4. 

1. a. Oil bath 

b. Oil wetted mesh 

c. Polyurethane 

d. Paper element (dry) 

2. To filter out dust particles 

3. To reduce excessive wear 

4. Replace the element 

5. Paper element type filter 

Work Unit 2-5. 

1. To supply the carburetor with fuel 

2. Mechanical and electrical 

3. 5 psi 

4. 1 quart per minute ratio 

5. a. Several pumps can be used 

b. Reduction in the tendency for vapor lock 

c. Fuel supplied as soon as ignition is turned on 

d. Fuel does not pulsate 

6. Disconnect the fuel line at the carburetor, direct the line Into a container, 
operate the fuel pump, and observe the amount of fuel delivered. 
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STUDY UNIT t 

oiesel fuel systins 

JSE"" OMqiJtl WITHOUT THI AID Of REFERENCES. YOU WILL IDENTIFY THE 

?i. ,c i!i2- or JL. 0 i5. l ? L .DSiJI , IS--.i m " identifyinq tmi principles of a dicscl 
3& fPJS'JELSiii SEP !G» T S5J WI1 35 HP* v 0,C5tL injection systems 

AM THE DISTRIBUTOR TYFE FUEL INJECTION SYSTEM. 

!• this study Mlt, discussion will be centered upon tht three types of dltttl futl 
^V*" IC t 2.* M 1 •L"?*"' ■> tor transport vehlcltt such as tht MSOTand M939 Mrltt 
vehicles, tee MMI and LVS (Dragon wagon), and tht Ml 009 (CUCV). 

we* Unit J- 1 TYPES OF 0IESEL FUEL INJECTION SYSTEMS 

STATE TME PHNPOSE OF A OIESEL FUEL INJECTION SYSTEM. 

LIST THE SIX FUNCTIONS A DIESEL FUEL INJECTION SYSTEM MUST PERFORM TO PROVIDE 
EFFICIENT OPERATION. 

NAME TME COMPONENT WHICH CONTROLS FUEL PRESSURIZATION AND ATOM! ZAT ION. 

LIST JHE THREE TYPES OF OIESEL FUEL INJECTION SYSTEMS USEO ON MILITARY MOTOR 
VEHICLES. 

25? JZWP- 11 J*™* 3 *Y THE CUMMINS (COMMON RAIL) TYPE FUEL SYSTEM ON THE 
MROP OR NNf SERIES VEHICLES. 

STATE THE FOUR FUNCTIONS OF THE UNIT INJECTOR. 

JJAJE THE FOUR F UNCTIONS OF TME INJECTION PUMP INCORPORATED WITH A DISTRIBUTOR 
TYPE FUEL SYSTEM. 

STATE TME TWO TYPES OF SUPERCHARGERS USED ON MILITARY VEHICLES. 

The dlesel fMl Injection systta Is actually tht heart of tht dltttl engine. Thtrt 
trt aany different dtslgas Mtd on eeglnot today, but, regtrdleti of tht da si on or typt of 

Stat, the purpeee of tht futl Injection systta It to Inject tht corrtct Mount of futl into 
tnglnt tt tht p r oo f tin. 

Fool Injoctloo ayttom wtd on aodtrn vthlcltt (dltttl tnglntt) htvt bton ptrftcttd by 
■toy yoort of rttotreh tod dtvtlonont. This rttttrch and developaent htvt rotultod In tht 
oodtro Injoctloo tyttta which It lightweight, stall, and rollablo. 



If tht tnglnt It tt optrttt tfflcltotly, tht futl tyttta autt ptrfora tht following 
functions: at tor, tloo, prottuHzt, ttoaizt, dlttrlbuto, and control Injection. 



Nttorlno It aotturinf tht propor taount of futl tupplled to tht tnglnt cylinders 
eeeurettly, according to tnglnt tpted and load. This function ctn be done within the 
poop or it tht Injectors. 

Tin* 01 of the fool Injected It laportant during all phatet of engine operation froa 
start through full load and speed. The fuel aust be Injected when the piston Is tt or 

top dotd center (TDC) on the coaprettlon stroke. During the vtrltnct of tnglnt 
U**d, the taring It choogod to allow for tlat Itg between Injection and Ignition or 
»y>*r factort. Chanel *t tht tlat of Injection It noraally controlled by a governor 
built Into the fuel (Injection) -— 



o The futl ant bo art turned to bt Injected into the coabuttlon chtaber where the 
prottaro of coaprettlon way »e up to 500 ptl. ProttuHzttlon optnt tht Injector 
joale (tortnt ioodod valve) tad controls the atealxatlon of the fuel through the 



per around the pintle. Since ttotriittlon occurs tt high pressures 

1900 to 4000 ptl), the Injector taring autt allow the fuel pressure to rise to the 
tf pressure according to the technical nanus) or manufacturer's 



helot 1o the or 

^apropor itemization will 'occur! 



tptdfltd opening ! 
ttloa* or 



3-1 



41 



• Fuel mutt be atomized 1n order to be burned efficiently because fuel. 1n liquid form, 
does not burn eatliy. The degree of atomHatlon will vary according to combustion 
chamber design. For Instance, an engine with precombustlon chambers requires little 
ijSSl 1 ^?"' I?* 11 ? * d1 , re ct Injection engine relies solely on atomlzatlon and piston 
crown design to mix fuel with air for spontaneous combustion. Improper or Inefficient 
atomHatlon directly effects spontaneous combustion. 

• Distribution of fuel must be accurate and occur at the proper time (according to the 
firing order). A distributor type system Incorporates high pressure lines from the 
Injection pump to each Injector. The firing order or the distribution of high 
pressure fuel 1s determined at the hydraulic head of the Injection pump. Other 
systems use a camshaft actuated rod to operate the Injectors and the distribution of 
fuel to all cylinders 1s accomplished by a fuel manifold. 

e The beginning and ending of fuel Injection must be quick. Any delay will change the 
punp to engine timing. Hard starting, poor running, and excessive smoke are symptoms 
of a delay at the beginning or ending of fuel Injection. Control of Inj ection 1s 
accomplished by the Incorporation of a delivery valve, re traction va l ve (In th e fuel 
system), or a sharp drop on the cam lobe which operates the Injector. 

Many types of fuel Injection systems are used on modern vehicles. The most conmon 
types used on military motor transport vehicles are pressure time (common rail), unit 

l nJ !?i?!> J2 d J , d1tt rtt u J or fy stems - * 9eneral description of each 1s given below. More 
specific details will be given 1n later work units. 

e The pressure time (common rail) system (fig 3-1), used exclusively on Cummins dlesel 
engines, uses a gear driven pump to move fuel from the tank to the Injectors. The 
fuel moving through the working parts provides lubrication and cooling for the 
Injectors and pump. A flyweight governor controls the fuel pressure within the system 
and also the Idle and top (maximum) speed. The throttle, regulated by the operator, 
controls the fuel flow and pressure to the Injectors between idle and maximum speeds. 
The Injector Is operated by the camshaft. Fuel to all Injectors 1s routed through 
passages 1n the cylinder head. The amount of fuel Injected 1s controlled by the 
pressure of fuel In the manifold at the Injector and the amount of time the fuel Inlet 
orifice 1n the Injector 1s open to receive fuel. 




F1g 3-1. Pressure time (common rail) system fuel flow. 
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t The Detroit Diesel unit Injector (fig 3-2) uses a low pressure gear pump which brings 
fuel from the tank through the fuel filter to the cam operated Injector. The Injector 
meters, times, pressurizes and atomizes fuel Into the combustion chamber. A separate 
governor 1s connected to the control rack which varies the amount of fuel according to 
load and speed of the engine. The control rack turns the Injector plunger, placing 
the helix 1n a position to control the closing of the Inlet and exit ports. The 
position of the helix controls pressurlzatlon, metering, and Injection of fuel. 




F1g 3-2. Typical unit Injector system. 

The distributor pump (fig 3-3) and Injector nozzle system utilizes an engine-driven 
rotary Injection pump that supplies and distributes pressurized fuel to the various 
cylinders. Metering of fuel and Injection timing are controlled by the pump. The 
Injector nozzle atomizes fuel 1n the combustion chamber when the pressurized fuel from 
the Injection pump overcomes the spring load 1n the nozzle body. 
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F1g 3-3. Distributor fuel Injection. 

Other components of the dlesel fuel system are the tank, fuel filters, and return 
lines. The fuel tank stores fuel, the filters remove Impurities and moisture, and the fuel 
return lines provide a route for excess fuel to return to the tank after circulating through 
the Injectors. These Items are common to all vehicles. 

Superchargers are used on some Chicles. A supercharger 1s a device used to force air 
Into the cylinders. There are two types: turbochargers and blowers. 

• The turbocharger (fig 3-4) 1s comprised of two Impellers on a single shaft. The unit 
1s mounted on the exhaust manifold to utilize the exhaust gas pressure to turn the 
Impellers. As the shfcft turns, the Intake Impeller (turbine) pulls air 1n and forces 
1t Into the Intake manifold for use by the engine. Since the turbocharger pressurizes 
the Intake air, all exhaust gas remaining 1n the cylinder 1s pushed out before the 
exhaust valve closes. This scavenging process Improves engine power. 




F1g 3-4. Turbocharger. 

• The blower used on military vehicles 1s the "ROOTES" type (fig 3-5). It consists of 
two rotors closely meshed and 1s gear driven from the engine. This positive 
displacement blower causes air to be forced Into the engine cylinders. The effect 1s 
the same as with a turbocharger. 



The application of superchargers Incorporated on military vehicles 1s being 
diminished. At present, most engines are naturally aspirated. Maintenance and repair 
criteria are contained 1n the particular technical manual of the vehicle and/or engine. 




F1g 3-5. Positive displacement blower. 

•v 
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EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. State the purpose of a dlesel fuel Injection system. 



2. List the six functions a dlesel fuel Injection system must perform to provide 
efficient operation. 

a. 

b. 

c. 

d. 

e. 

f. 

3. Name the component of a dlesel fuel Injection system which controls pressurlzatlon 
and, therefore, atomlzatlon of fuel Into the cylinder. 



4. List the three types of fuel Injection systems used on military vehicles. 

a. i 

b. 



State how fuel 1s metered by a Cummins (common rail) type fuel system on the M809 
or M939 series vehicles. 



6. State the four functions of the unit Injector. 

a. 

b. 

c. ______ 

d. 

7. State the two types of superchargers used on military vehicles. 

a. 

b. 
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Work Unit 3-2. PRESSURE TIMEO (PT) FUEL INJECTION SYSTEM 



STATE THE PRINCIPLE OF THE PT FUEL SYSTEM. 

STATE THE OPERATING PRESSURE RANGE OF THE PTG FUEL PUMP ON THE M939 SERIES VEHICLE. 
NAME THE COMPONENT WHICH CONTROLS FUEL FLOW AT LOW IOLE ANO HIGH IOLE. 
STATE HOW FUEL FLOW FOR LOW IOLE IS PROVIOEO. 
V STATE THE PURPOSE OF BYPASS FUEL. 

NAME THE COMPONENT WHICH CONTROLS FUEL FLOW (PRESSURE) IN THE FUEL MANIFOLO 
BETWEEN IOLE AND MAXIMUM ENGINE SPEEOS. 

NAME THE COMPONENT THAT CONTROLS THE TIMING (OPENING ANO CLOSING) OF THE FUEL 
INLET ORIFICE. 

NAME THE COMPONENT WHICH ALLOWS FUEL PRESSURE TO BUILO IN THE PT FUEL PUMP TO 
START THE ENGINE. 

The W09 and M939 series vehicles use the Cummins NHC 250 engine. The naturally 
aspirated, six-cylinder, Inline, liquid cooled engine utilizes the somewhat unique Cummins 
pressure time (PT) fuel system. This system Is composed of a PTG- AFC (plugged) fuel pump (fig 
3-6) mounted on the air compressor, fuel manifold, PT (type 0) Injector, and fuel return 
lines. Of course a fuel tank, supply lines, and filter are common to all Internal combustion 
engines. The pressure time (PT) fuel system Is derived by the fact that fuel metered Into the 
cylinder depends on two things, the fuel pressure at the metering orifice (controlled by the 
fuel pump) and the time the orifice Is open to receive fuel (controlled by the cam actuated 
Injector plunger). The air fuel control (AFC) device Incorporated In the pump Is pluqqed when 
used on naturally aspirated engines such as the NHC 250. 




Mow let's learn the operation of the PTG fuel pump. The principle of the PT system 1s 
based on the fact that changing the pressure of the fuel (liquid) 1n a line also changes the 
amount of fuel (liquid) delivered. The PT pump draws fuel from the tank and delivers 1t to 
each Injector and also provides a means of controlling the pressure of the fuel being 
delivered. Therefore, 1t 1s a variable pressure fuel pump. Fuel pressures developed by the 
PTG pump vary from 26 ps1 at Idle to approximately 176 ps1 at the top rated speed of the 
engine. 

Take a look at figure 3-7. Fuel enters the gear pump, moves through a screen to the 
governor, then through the throttle shaft, and lastly, through the shut-down valve to the 
Injectors. Pulsations created by the gear pump are eliminated by a pulsation damper (refer to 
fig 3-6). 

As noted previously, the PTG pump 1s a variable pressure pump. In this type pump, the 
fuel flow 1s controlled by the governor (fig 3-7) at Idle and maximum speeds. If the 
operating speed 1s somewhere between low Idle and high Idle, fuel flow 1s regulated by the 
throttle which 1s controlled by the operator. At low Idle, the governor maintains sufficient 
fuel pressure (flow) by the use of a plunger and spring which allow the Idle port to open, 
allowing enough fuel to maintain engine Idle speed. At maximum speed (RPM) the governor 
plunger shuts off fuel (limits fuel pressure) to the Injectors thus limiting speed. A bypass 
port 1s Incorporated 1n the governor housing which allows fuel to circulate through the pump 
for lubrication and cooling of the working parts. 
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F1g 3-7. Governor (showing fuel flow). 



You should note 1n figure 3-7 that the throttle shaft leakage allows fuel to pass from 
the governor around the throttle shaft to maintain low Idle speed. For part load operation 
(between low Idle and high Idle) fuel flow 1s regulated by the throttle shaft. Thus the 
throttle controls fuel flow (pressure) between Idle and maximum speeds. 

Let's take a closer look at the governor. When the engine 1s not running, the Idle 
spring plunger 1s positioned against the governor plunger (fig 3-8). With the engine at Idle, 
fuel pressure from the gear pump flows through the governor barrel and forces the Idle spring 
plunger from the governor plunger (refer to fig 3-8), thus providing bypass fuel to lubricate 
and cool the fuel pump. When the throttle 1s opened fuel pressure 1s Increased 1n the fuel 
manifold. As engine speed Increases, the governor weights move the governor plunger against 
the governor spring guide. This Increases the fuel pressure 1n the pump and also 1n the fuel 
manifold according to the throttle position. Therefore, the Initial movement of the throttle 
Immediately Increases the amount of fuel passing through the metering orifice 1n the 
Injector. As engine speed Increases, the governor allows fuel pressure to build In the pump. 
This procedure makes the throttle control fuel pressure 1n the fuel manifold thereby adjusting 
the amount of fuel delivered to the cylinders according to Its position. 
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F1g 3-8. Idle spring and plunger (engine not running). 



The fuel manifold 1s a drilled passage 1n the cylinder heads connecting the Injector 
to the fuel supply. A return system 1s also provided to allow fuel to flow through the 
working parts of the Injector for cooling and lubrication. 

If you recall , 1n work unit 3-1, the metering of fuel to the cylinders of the PT 
system 1s a function of fuel pressure and the time the metering orifice 1s open to allow fuel 
to enter the Injector pressure chamber. Timing the opening of the Inlet orifice 1n the 
Injector 1s a function of the camshaft. The camshaft lobe 1s machined to provide this part of 
the metering process (fig 3-9). 
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F1g 3-9. Injector operating train. 

As noted previously 1n this work unit, the fuel pump 1s essentially a pressure pump 
which provides the fuel at varying pressures (26 to 176 ps1) according to throttle position. 
This 1s only one step 1n the metering of fuel. The second step 1s accomplished 1n the 
Injector which meters, pressurizes, and atomizes (Injects) the fuel Into the combustion 
chamber. To better understand this, stucHy figure 3-10 which describes the complete operating 
cycle at the Injector. 
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'fuel circulates) 
isure enters the 
and flows through 
;e(B), internal 
I the annular groove 
cup and up passage 
tank, The amount 
through the Injector 
' the fuel pressure 
; orifice (B). Fuel 
i is determined by 
I and throttle, 



Upstroke complete (fuel enters 
injector cup) As the injector 
plunger moves upward, metering 
orifice (C) is uncovered and fuel 
enters the injection cup. The 
amount is determined by the fuel 
pressure. Passage (D) is blocked 
momentarily stopping circulation 
of fuel and isolating the 
metering orifice from pressure 
pulsations. 



Downstroke (fuel Injection) 
As the plunger moves down and 
closes the metering orifice, fuel 
entry into the cup is cut off, 
As the plunger continues down, it 
forces fuel out of the cup 
through tiny holes at high 
pressure as a fine spray. This 
assures complete combustion of 
fuel in the cylinder, When fuel 
passage (D) is uncovered by the 
plunger undercut, fuel again 
begins to flow through return 
passage (E) to the fuel tank, 



Downstroke complete (fuel 
circulates) , After injection the 
plunger remains seated until the 
next metering and injection 
cycle, Although no fuel is 
reaching the injector cup, it 
does flow freely through the 
injector and is returned to the 
fuel tank through passage (E). 
This provides cooling of 
injector and also wans the fuel 
in the tank. 



Fig 3-10, PTD fuel injector operating cycle. 
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. , Note , that [ U *\ ] J continuously circulating through the Injector and metering of tire 
fuel takes place when the plunger moves up, opening the metering orifice. The amount of fuel 
entering the pressure chamber In the Injector cup 1s determined by both the pressure of the 
fuel and the amount of time f.he metering orifice 1s open. Mn»»nm ur me 

All fuel to the Injectors flows through the shut-down valve (fig 3-11). The shut-down 

nricpn S "?hf leC ^ a Swit ? h off fue1 l ? the motors when no current 1s 

™^«hc « !fiS h 1s controlled by the accessory (ignition) switch 1n the cab. .A manual 
control Is provided on the valve 1n case of electrical power failure. 
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Fig 3-11. Fuel shut-down valve. 
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EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 



1. State how the fuel is metered by the PT system. 



2. State the principle of the PT fuel system. 



3. State th«? operating pressure range of the PTG fuel pump. 



4. Name the component that controls fuel flow at low idle and high idle. 



5. State how fuel flow for low idle is provided. 



6. State the purpose of bypass fuel. 



7. Name the component which controls fuel flow (pressure) in the fuel manifold 
between idle and maximum engine speeds. 



8. Name the component which controls the amount of time the inlet orifice is open. 



9. Name the component which allows fuel pressure to build in the PT fuel pump to 
start the engine. 



Jork Unit 3-3. UNIT INJECTOR SYSTEM 

LIST THE COMPONENTS OF A UNIT INJECTOR FUEL SYSTEM. 

STATE THE FUNCTION OF THE FUEL PUMP. 

STATE THE FUNCTION OF A UNIT INJECTOR. 

STATE THE FUNCTION OF THE RESTRICTED FITTING. 

STATE WHY THE FUEL PJMP CIRCULATES AN EXCESSIVE AMOUNT OF FUEL. 

STATE HOW FUEL IS METERED IN A UNIT INJECTOR. 

DEFINE EFFECTIVE STROKE IN A UNIT INJECTOR. 

LIST THE SIX STEPS (IN ORDER) IN TUNING A UNIT INJECTOR FUEL SYSTEM. 

The Detroit Diesel unit injector system is used on the M561 (GAMMA Goat) and will also 
>e used on the Logistic Vehicle System (LVS, Dragon Wagon). Although the M561 uses a 3-53 
sngine while the LVS will have a 8V-92TA, both have a two-stroke cycle. The components and 
>peration of the fuel systems are very similar. 
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The pump circulates an excess amount of fuel through the Injectors which purge air 
from the system apd cool the Injectors. A pressure relief valve 1s Incorporated 1n the pump 
to relieve excess pressure developed when the fuel filter 1s clogged. 

After leaving the pump, the fuel passes through a filter and enters the fuel manifold 
which distributes fuel to each Injector. Fuel pressure In the manifold 1s maintained by the 
restricted fitting (refer to fig 3-12) at the end of the return fuel manifold. Fuel which 1s 
allowed to pass through the restricted fitting returns to the fuel tank. 

Fuel enters the injector (fig 3-13) through an inlet filter then moves down the body 
of the Injector. Fuel flows through the upper part of the barrel filling the area below the 
plunger and travels through the lower port Into the fuel return manifold. There 1s a machined 
area (helix) on the plunger positioned to accomplish the metering of the fuel to be Injected 
Into the cylinder. The amount of fuel metered 1s accomplished by the control tube moving the 
rack and gear attached to the plunger of each Injector. This movement 1s controlled by the 
governor and positions the helix to meter fuel according to the load and speed of the engine. 




F1g 3-13. Unit Injector. 

A closer look at the metering of fuel reveals that the plunger, In Its movement up and 
down, closes both the upper and lower ports to pressurize and Inject fuel. Movement of the 
rack turns the plunger which also varies the effective stroke (fig 3-14), thereby varying the 
amount of fuel Injected. Increasing the effective stroke allows more fuel to be Injected. 
Not creating an effective stroke by positioning of the rack In the no fuel position, places 
the helix where either the upper or lower port remains open during the pressurization stroke. 
Effective stroke 1s the distance the plunger moves to pressurize and Inject fuel (the distance 
the plunger moves after both ports are closed). 
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Fig 3-14. Fuel metering (unit injector). 



Not all of the fuel that enters the injector is injected into the cylinder. Excess 
fuel circulates through the Injector for cooling and lubrication and then exits to the fuel 
return manifold. A restricted fitting is placed at the end of the return manifold to maintain 
fuel pressure 1n the Injectors and the inlet (supply) manifold. Return fuel is then routed 
back to the fuel tank. 

Servicing of the unit Injector is not difficult. However, due to special handling of 
apped (precision fitted) parts and special equipment that is required, disassembly of the 
Injector will not be discussed. The procedures delineated in the tt -finical manual of the 
specific vehicle or engine should be followed. 

A guide for engine tune up and adjustment is provided in Appendix II. The 
procedures for engine tune up must be followed in the correct order or engine efficiency will 
suffer. The procedures for engine tuneup are as follows: »•/"'<■ 

a. Adjust the exhaust valve clearance. 

b. Adjust injector timing. 

c. Adjust governor gap. 

d. Position injector rack control levers. 

e. Adjust high idle, no load. 

f. Adjust idle speed. 
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Note : Procedures for tuneup will vary according to engine and governor types. Check 
the technical manual of the particular vehicle. 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. List the components of a unit injector fuel system, 
a. 

b. 

c. 

d. 

e. 
f. 

g- 

2. State the function of the fuel pump. 



3. State the function of a unit injector. 



4. State the function of the restricted fitting. 



5. State why the fuel pump circulates an excessive amount of fuel. 



6. State how fuel is metered in a unit injector. 



7. Define effective stroke in a unit injector. 



8. List the six steps (in order) to follow when tuning a unit injector fuel system, 
a. 



b. 



c. 



d. 



e. 
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Work Unit 3-4. DISTRIBUTOR TYPE FUEL INJECTION (6.2L DIESEL) 

STATE THE FOUR FUNCTIONS PERFORMED BY THE DISTRIBUTION FUEL INJECTION PUMP ON THE 
M1009 (CUCV). 

GIVEN A TEMPERATURE BELOW 20°F, STATE WHY DIESEL FUEL MUST BE OF A DIFFERENT 
GRADE. 

STATE THE FUNCTIONS INCORPORATED IN THE FUEL FILTER IN THE M1009 (CUCV) FUEL 
F ILTER • 

STATE WHEN THE FUEL HEATER ON THE M1009 (CUCV) FUEL FILTER ACTIVATES. 

STATE WHY INJECTION PUMP TIMING ON THE M1009 (CUCV) MUST BE DONE WITH PRECISION. 

STATE WHEN THE INJECTION PUMP IS REMOVED FOR TESTING. 

STATE WHEN THE AUTOMATIC ADVANCE MECHANISM SHOULD START TO WORK AND EXPLAIN WHY. 

STATE THE TWO OPERATIONS OF THE VENT WIRE ASSEMBLY IN THE INJECTION PUMP ON A 
Ml 009. 

STATE THE TWO WAYS THE METERING VALVE IN THE M1009 INJECTION PUMP OPERATES. 
STATE HOW FUEL IS PRESSURIZED WITHIN THE INJECTION PUMP OF THE M1009 (CUCV). 
STATE THE FUNCTION OF THE DELIVERY VALVE. 

STATE HOW THE INJECTION OF FUEL IS ADVANCED FOR HIGH SPEED OPERATION. 

In the previous work units, you were Introduced to two types of fuel Injection 
systems, the common rail (PT) and the unit injector system. In this work unit, we will 
discuss the operation of a distributor type fuel system. The distributor system in this work 
unit Is Incorpo-ited on two military vehicles, the M1009 (CUCV) and M998 (HMMWV) . Both 
vehicles use r : .. 6.2L diesel engine. The major difference between this system and the others 
previously discussed Is the use of an Injector pump and nozzles Injecting the fuel into 
precombustlon chambers. The Roosa Master Fuel injection pump Is a single cylinder, opposed 
plunger, inlet metering, distributor type unit used In high speed diesel engines. Metering, 
pressurlzatlon, distribution, and timing of Injection are performed by the injection pump. 
Atomizatlon of the fuel into a precombustlon chamber Is performed by the Injector nozzle. 

Fuel Is pumped from the fuel tank through a filter sock which separates paraffin and 
other sediment from the diesel fuel. Paraffin forms In fuel oil (diesel) during cold weather 
below 20°F. As a precautionary measure, you should insure that the proper grade of diesel 
Is used according to the anticipated weather conditions. In a cold climate (below -20°F) 
use fuel designed for arctic use. In addition to the filter sock, a bypass valve Is installed 
in the fuel line to allow fuel to flow when the sock Is clogged. In order for this operation 
to happen (bypass) there must be at least 4 gallons of fuel In the tank. Therefore, the tank 
must be kept above 1/4 full. 
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The lift pump 1s a mechanical diaphragm pump, operated by an eccentric on the 
camshaft, mounted on the right front of the engine (refer to fig 3-16). The pump brings fuel 
from the tank and supplies about 5 1/2 pounds of pressure through the fuel filter. This pump 
appears like any single diaphragm fuel pump used on gasoline engines and serves the same 
purpose. 

The fuel filter on the M1009 (CUCV) incorporates a two-stage pleated paper type 
filter, water separator, water sensor, and a fuel heater (look at fig 3-16). The filter 
element will remove particles 10 microns in size and larger, providing clean fuel for 
injection. The filter should be changed (replaced) according to manufacturer's 
recommendations or the lubrication order (LO) pertaining to the vehicle to insure that the 
clean fuel reaches the injection pump. During the filtering process, water is removed and 
collected in the bottom of the filter. When enough water is accumulated in the filter, a 
sensor will activate the fuel light on the dashboard. Water in the filter can be drained by 
opening the drain cock and vent on the filter base. The fuel heater, mounted in the filter 
base, activates when the temperature is below 20°F and will then turn off when the fuel 
reaches 50°F. This provides protection against wax (paraffin) separating from the fuel and 
clogging the filter. The heat will only be on until the under hood temperature gets hot 
enough to heat the fuel. However, this does not heat the fuel in the tank . Therefore, the 
correct grade of diesel fuel must be in the tank prior to starting the vehicle. Testing the 
heater with an ammeter should draw 8.6 amps (approx); it must be tested below 20 degrees 
ambient temperature. 

The injection pump (fig 3-15) is mounted on the front gear train under the intake 
manifold. Precision timing must be achieved if high efficiency is to be attained. Therefore, 
after the timing chain is installed, the injection pump drive gear has to be mounted on the 
camshaft and the driven gear timed to the drive gear (align timing marks on the gears). 

Now, the timing mark on the front cover must be determined. To accomplish this, a 
special tool must be used and torqued to 50 lb/ft; refer to the appropriate Technical Manual. 
Reestablishing the tjming mark must be done upon replacement of the timing chain or overhaul 
of the engine. Removal of the injection pump should be done after you have eliminated other 
possible causes of the malfunction, such as clogged filters, fuel lines, malfunctioning lift 
pump, etc. In other words, use a trouble-shooting guide (Appendix III or the TM). 




Fuel 1s drawn Into the pump by the vane type transfer pump and 1s routed to the 
automatic advance mechanism housing cover and metering valve. For a complete fuel flow 
through the distributor fuel system, look at figure 3-16. 

The automatic advance mechanism controls the advance and retard of fuel delivery. 
This mechanism starts working during high speed driving to Insure that the fuel pulse arrives 
at the cylinder 1n time for the compression stroke when the piston 1s at top dead center. 
This 1s where compression 1s at Its highest point. If 1t were not for the advance mechanism, 
the fuel would not arrive at the cylinder before the piston had already started downward on 
the power stroke. Thus, the automatic advance mechanism Insures smooth engine performance. 
The mechanism consists of a power piston, a servo valve, a servo spring, a servo piston, and a 
cam advance pin. 

A vent wire assembly controls the amount of fuel that 1s returned to the fuel tank 
from the Injection pump. It 1s located 1n a short passageway behind the metering valve bore. 
Excess fuel coming from the transfer pump flows by the vent wire, taking any air which has 
entered the transfer pump along with 1t. After passing the vent wire assembly, the fuel 
enters the governor compartment. From here, excess fuel leaves the pump through the return 
line. The amount of fuel that enters the return line 1s controlled by the size of the wire 1n 
the assembly. If the amount of return fuel does not meet specification requirements, the 
existing vent wire can be exchanged for one of a different size. 

Most of the fuel goes through the metering valve. The metering valve operates 1n two 
ways: (1) By the throttle lever, when the vehicle 1s operating at Intermediate speeds; (2) by 
the governor linkage, when the vehicle 1s at minimum and maximum engine speeds. The metering 
valve allows a measured amount of fuel to pass Into the center of the hydraulic head where the 
distribution rotor 1s turning. Fuel goes to the center of the rotor, which has two Inlet 
passages at one end and an outlet passage at the other end. As the rotor turns, the Inlet 
passages line up with ports 1n the hydraulic head. When this occurs, the fuel 1s forced Into 
the pumping chamber. 

The pumping chamber consists of two sets of rollers, shoes, and plungers, which rotate 
Inside a cam ring. The cam ring has lobes on the Inside, one for each engine cylinder. The 
force of the fuel coming Into the pumping chamber, together with the centrifugal force 
generated by the rotor, moves the plungers apart. The plungers move outward, a distance which 
Is directly proportional to the volume of the fuel passing the metering valve. As the rotor 
turns, the rollers contact the peaks of the cam ring lobes, pushing the plungers together. It 
1s this action which pressurizes the fuel to the degree required to open the no/^es. 

The fuel, which 1s now at Injection pressure, 1s forced back along the center passage 
of the rotor and Into the discharge port. The fuel 1s pumped out of the rotor when the 
discharge port of the rotor lines up with one of the discharge outlets 1n the hydraulic head. 
As the rotor turns, Its single port discharges a pulse of fuel Into each of the eight 
hydraulic head outlets 1n sequence. 

Each discharge fitting 1s connected to a nozzle by a high pressure line. The fuel 1s 
pumped through the discharge fitting, through the high pressure lines, and Into the nozzle and 
the engine's cylinder. Fuel enters the nozzle at a rate and amount that var1t~ with the 
demands of the engine. When the engine fuel demand 1s low, such as at Idle, the fuel pulses 
are smaller and farther apart than when the engine 1s running at wide open throttle. At wide 
open throttle, larger amounts of fuel, spaced closely together, force the nozzles to ooen more 
often and to stay open longer to meet the needs of a high speed engine. 

Fuel from the Injection pump has now been metered, pressurized, timed, and distributee 
to each nozzle. When the fuel reaches the nozzle, 1t will arrive with enough pressure to open 
the nozzle and enough fuel to meet the engines requirements. Also, each pulse of fuel will be 
timed to arrive at the cylinder as the piston reaches top dead center (TDC). 



ERLC 



3-21 61 




Fig 3-16. Fuel flow (6.2L diesel). 



The delivery valve (fig 3-17), located in the center of the distributor rotor, helps 
the nozzle to reseat (close) rapidly and prevents fuel from dribbling into the precombustion 
chamber, pressurized fuel coming from the pumping chamber forces the delivery valve plunger 
slightly out of Its bore. Fuel passes the plunger and out the discharge port. When fuel 
pressure drops, the delivery valve plunger immediately reseats, causing a rapid drop in 
Injection Une pressure. 




Open Closed 
Fig 3-17. Delivery valve operation. 
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There are three mechanisms in the Stanadyne DB 2 fuel injection pump which serve to 
advance injection timing: (1) the automatic advance, (2) the mechanical light load advance, 
and (3) the housing pressure cold advance (HPCA) solenoid. 

• In the automatic advance mechanism, che cam advance pin links the advance 

mechanism to the cam ring. This pin is connected to the advance mechanism at its 
lower end and to the cam ring at its upper end. In this way, when the advance 
piston shifts position, the cam ring also shifts position because of the linkage 
provided by the cam pin. This movement, or rotation, of the cam ring results in 
the advance of fuel delivery. The action of the power and servo pistons is 
dependent upon fuel pressure from two sources: the housing pressure behind the 
servo piston and the transfer pressure behind the power piston. When the engine 
is cranking, the fuel behind the servo piston is at housing pressure and the power 
piston is seated against the housing. As the vehicle's speed increases, the 
transfer pressure rises as a result of increasing pump speed. When this happens, 
the transfer pump sends fuel to a chamber behind the power piston. When transfer 
pressure behind the power piston exceeds housing pressure, the force of this 
accumulating fuel overcomes the resistance of the servo piston and spring, and the 
power piston shifts position. The power piston pushes the cam advance pin and 
rotates the cam ring in the direction opposite to the rotation of the distributor 
rotor and the rollers, shoes, and plungers. Because of this rotation, the rollers 
contact the cam lobes earlier and injection timing is advanced. When the transfer 
pressure drops, the timing will be retarded because the cam ring will rotate in 
the other direction. 



t The light load mechanism provides advance when the engine is operating at low 
speed or at light load when the transfer pressure is too low to move the advance 
piston. The light load advance consists of an external face cam and rocker lever 
assembly. At the top of the pump, this assembly is connected to the throttle 
shaft. At the lower end, the rocker lever contacts the protruding end of the 
servo advance plunger. The throttle shaft moves the face cam and lever assembly 
which in turn moves the servo plunger toward the cam pin. This action changes the 
reference point of the servo spring. At a predetermined angle, the surface of the 
face cam becomes a flat plane, so that further throttle movement does not affect 
servo plunger, and the spring reference point becomes fixed. After this point, 
advance action is regulated by transfer pump pressure, as was discussed earlier. 



t The housing pressure cold advance solenoid is one of the three solenoids which 
affects the injection pump's operation.. The HPCA solenoid makes it easier to 
start the vehicle in cold weather by reducing the housing pressure in the advance 
mechanism. The HPCA solenoid is located at the return fitting, under the pump 
housing cover. The HPCA solenoid is activated by the coolant temperature switch 
which is mounted on the engine. When coolant temperature is low, the solenoid is 
energized and the plunger is extended to lift the check ball off its seat. With 
the check ball out of place, the housing pressure is reduced to almost zero. With 
practically no housing pressure to overcome, the transfer pump pressure behind the 
power advance piston can easily advance the can) ring. 



The fast idle solenoid increases idle speed when the engine coolant temperature is 
below 1250F. This solenoid is mounted outside of the pump on the throttle cable bracket. 
The fast idle solenoid is energized by a signal from the coolant temperature switch. When 
energized, the solenoid plunger extends and holds the throttle off the low idle stop. 

The fuel shut-off solenoid stops the engine by cutting off the fuel flow. It is 
located inside the pump housing cover. The fuel shut-off solenoid acts on the governor 
linkage hook to rotate the metering valve. When the ignition is turned off, the solenoid is 
deenergized and the return spring pulls the solenoid arm to the "OFF" position. The movement 
of the arm to the "OFF" position moves the governor linkage hook, rotating the metering valve 
to cut off fuel delivery. 

The min-max governor (fig 3-18) maintains idle speeds with varying engine loads and 
also limits the maximum speed of the engine. The main components of the governor are: the 
governor weights, the governor arm, the low idle spring, the idle spring guide, the main 
governor spring, the main governor spring guide, and the guide stud. 
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Fig 3-18. Distributor fuel injection pump. 
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The governor weights spin around with the rotation of the drive shaft. Their 
centrifugal force controls the metering valve at minimum and maximum engine speeds. At idle 
speed, the governor weights exert very little force, so that the spring on the governor keeps 
the metering valve almost closed. At high engine rpm, the force of the governor weights moves 
a pivot arm, compresses the spring, and rotates the metering valve to an almost closed 
position. At intermediate speeds, the vehicle operator directly controls the metering valve 
through the throttle. In this case, the force of the governor weights and the min-max spring 
tension are balanced, so that neither has the power to control the metering valve. 

The pressure regulator protects the transfer pump from being damaged as a result of 
excessive output pressure. Pressure can become excessive, either because of increased pump 
speeds or because of restrictions in the outflow line. The pressure regulator valve relieves 
this pressure when it reaches a preset limit. Under normal operating conditions, the valve 
spring holds the piston forward, blocking the valve's output line. Under this condition, the 
valve has no effect on the system. If the output flow from the pump is restricted, out 
pressure increases. High pressure fuel pushing on the face of the valve piston compresses the 
spring. If the pressure is high enough to overcome the force of the spring, the piston will 
be pushed back, uncovering the valve's output line. Fuel is allowed to flow back to the 
pump's input side, relieving the output pressure. A viscosity compensating device maintains 
the constant pressure of fuel, regardless of variations in fuel viscosity. This device is 
incorporated into the design of the pressure regulator mechanism. 

When an engine malfunction has been isolated to the fuel injection pump you should 
(refer to Appendix III or trouble-shooting guide in the TM) investigate each of the components 
of the pump to determine which would most likely cause the symptoms. Check to see if the 
head and rotor are seized or binding by rotating the drive shaft. Clean the outside of the 
pump, remove the cover, and inspect the inside for contamination such as water, metal 
particles, rust, or other foreign .latter. Move the throttle lever back to observe the 
components of the governor. If these procedures fail to locate the malfunction, the pump will 
have to be tested on a test stand. The procedures on the test stand will not be discussed 
here because of the necessity of special equipment. For procedures on disassembly and repair 
of the injection pump refer to the technical manual. 
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EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. State the four functions performed by the distributor fuel Injection pump on the 
M1009 (CUCV). 



a. 
b. 
c. 
d. 



2. State wiiy arctic dlesel fuel must be used when the air temperature Is below 
-20°F. 



3. State the four functions Incorporated In the M1009 (CUCV) fuel filter. 

a. 

b. 

c. 

d. 



4. State when the fuel heater in the M1009 (CUCV) fuel filter activates. 



5. State why Injection pump timing on the M1009 (CUCV) must be done with precision. 



6. State when the Injection pump Is removed for testing. 



7. State when the automatic advance mechanism should start to work and explain why. 



8# Ml 009 (CUCV)° operat1ons of the vent w1re assemb1 y the Injection pump on the 

a. 

b. 

9. State the two ways the metering valve In the M1009 Injection pump operates, 
a. 
b. 

10. State how fuel is pressurized within the Injection pump on the M1009 (CUCV). 

11. State the function of the delivery valve. 
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12. State how the Injection of fuel 1s advanced for high speed operation. 



SUMURY REVIEW 

In this stu<y unit, you learned the types of dlesel fuel systems, 1n particular, the 

pressure time, unit Injector, and distributor fuel systems. In the next stu<y unit, you will 
be Introduced to exhaust systems. 



Answers to Study Unit #3 Exercises 
Work Unit 3-1 . 

1. To inject the correct amount of fuel Into the engine at the proper time 

2. a. Meter 

b. Time 

c. Pressurize 

d. Atomize 

e. Distribute 

f. Control Injection 

3. Injector or the Injector spring 

4. a. Common rail 
b. Unit Injector 
c# Distributor 

5. By fuel pressure provided to the Injector and the time the fuel Inlet orifice Is 
open to receive fuel 

6. a. Meter fuel 

b. Time Injection 

c. Pressurize fuel 

d. Atomize fuel 1n the combustion chamber. 

7. a* Turbocharger 

b. "ROOTES" type blower 



Work Unit 3-2. 

1. By the fuel pressure at the metering orifice and the time the orifice 1s open 

2. Changing the pressure of the fuel 1n a line also changes the amount of fuel 
delivered. 

3. 26 p$1 to approximately 176 ps1 

4. Governor 

5. By use of a plunger and spring which allow the idle port to open allowing enough 
fuel to pass, maintaining idle speed 

6. To allow fuel to circulate through the pump for cooling and lubrication. 

7. Throttle 

8. Camshaft 

9. Fuel shut-down valve 
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Work Unit 3-3. 



1. a. Gear pump 

b. Strainer 

c. Injectors 

d. Control tube 

e. Fuel lines 

f. Fuel manifold 

g. Restricted fU.Ing 

2. To supply the Injectors with fuel at low pressure 

3. To meter time, pressurize and atomize fuel Into the cylinders 

4. To maintain fuel pressure 1n the Inlet manifold 

5. To maintain fuel flow through the Injector for cooll.ig and lubrication 

6. By the movement of the rack which positions the helix controlling the closing of 
the upper and lower ports 

7. The distance of the plunger movement after the upper and lower ports are closed, 
thereby pressurizing and Injecting fuel Into the cylinder 

8. a. Adjust the exhaust valve clearance. 

b. Adjust the Injector timing. 

c. Adjust the governor gap. 

d. Position the Injector rack control levers. 

e. Adjust the high Idle no load. 

f. Adjust the Idle speed. 



Work Unit 3-4. 

1. a. Metering 

b. Pressur1zat1on 

c. Distribution 

d. Timing 

2. Because paraffin separates from the fuel below 20°F 

3. a. Two-stage pleated paper filter 

b. Water separator 

c. Water sensor 

d. Fuel heater 

4. When the temperature 1s below 20°F 

5. To attain high efficiency 

6. When all other causes of the malfunction outside the pump have been eliminated 

7. During high speed driving to Insure the fuel pulse arrives at the cylinder 1n time 
for the compression stroke 

8. a. Removes air from fuel entering the pump 

b. Controls the amount of fuel that 1s returned to the fuel tank 

9. a. By the throttle at Intermediate speeds 

b. By the governor linkage at minimum and maximum speeds 

10. By the force of the two plungers being pushed together 

11. To help the nozzle to reseat and prevent fuel from dribbling Into the 
precombustlon chamber 

12. By the automatic advance mechanism rotating the cam ring 
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STUDY UNIT 4 



EXHAUST SYSTEM 

STUDY UNIT OBJECTIVE: WITHOUT THE AID CP REFERENCES, YOU WILL IDENTIFY THE 
PURPOSE OF AN EXHAUST SYSTEM, HOW TO MINIMIZE EXCESSIVE NOISE, THE MAJOR CAUSE OF 
EXHAUST SYSTEM FAILURE, AND HOW COMMON EXHAUST PROBLEMS ARE ALLEVIATED. YOU WILL 
ALSO IDENTIFY THE SYMPTOMS OF CARBON MONOXIDE POISONING. 

The Internal combustion engine produces waste gases and noise. The gases (exhaust) 
emitted must be carried past the passenger compartment to Insure that the operator and 
passengers do not become vlctums of carbon monoxide poisoning. Excessive noise must be 
reduced so the operation of the vehicle can be more pleasant. Therefore, an exhaust system Is 
Incorporated as a component of the internal combustion engine. 

Work Unit 4-1. EXHAUST SYSTEM 

STATE THE PURPOSE OF THE EXHAUST SYSTEM. 

STATE WHY EXHAUST GASES ARE CONSIDEREO DANGEROUS. 

LIST THE SYMPTOMS OF CARBON MONOXIDE POISONING. 

STATE HOW THE NOISE OF ENGINE OPERATION IS MINIMIZED. 

STATE THE MAJOR CAUSE OF EXHAUST SYSTEM FAILURE. 

STATE HOW COMMON PROBLEMS OF EXCESSIVE NOISE AND BACK PRESSURE ARE ALLEVIATED. 

The Internal combustion engine produces an excessive amount of noise and poisonous 
gas. Therefore, an exhaust system must be Incorporated with the engine to reduce the noise 
and carry the exhaust gases away from t'ie operator's/passenger's compartment. To do this, the 
engine (vehicle) must have a manifold, exhaust pipe, catalytic converter (on some vehicles), 
muffler, and tailpipe (fig 4-1). Exhaust gases contain carbon monoxide (CO) which is a 
deadly, colorless, odorless gas. When CO enters the operator's/passenger's compartment of a 
vehicle, It will cause headaches, drowsiness, nausea, and, in increased quantities, 
unconsciousness or death. These symptoms make the exhaust system an important component which 
must be In serviceable condition at all times. 



EXHAUST PIPE 




TAILPIPE 



Fig 4-1. Typical exhaust system. 
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STAINLESS STEEL 




F1g 4-3. Catalytic converter. 



It 1s known that noise 1s reduced when 1t strikes a barrier (baffle). With an 
internal combustion engine exhaust gases are routed through a muffler (fig 4-4) which 
suppresses noise by passing the gases through a series of baffles. The muffler 1s also 
designed to minimize the back pressure produced by the baffles. If back pressure 1s 
excessive* some of the burned gases will remain 1n the cylinder and dilute the Incoming 
combustible gas. This will reduce engine power and* 1f great enough, will not allow the 
engine to start or run. 




F1g 4-4. Types of mufflers. 

Mufflers, exhaust pipes, and tailpipes wear out largely due to corrosion. Road 
conditions (salt on icy roads) , humidity, and nin corrode the outside of these components. 
However, the major cause of exhaust system failure is corrosion produced by heat (of the 
exhaust gases) and condensation (water) inside the pipes and, particularly, the muffler. 
About one gallon of water is formed for every gallon of fuel burned. As the water passes 
through the exhaust system, acids are formed and the water quickly corrodes (rusts) the 
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Interior of the system. The corrosion creates holes 1n the exhaust svsttm wMrh r*..**e thl 

S°rHrr b }h e :L a$S0C h ! at9d w1th 5 he Mhaust s ' stem « "cesslve noise 2 Sc2 IvVb c" 
S n-w k -..I? e f *. ? rob 1 e ? s are *° 1ved by replacing the bad component or by compete installing 
a new exhaust system. Excessive noise caused by leaks 1n the system and excessive hack 
pressure caused by corrosion of the baffles 1n the muffler which blwkstne exit to the 
tailpipe are only repaired by replacement of the components. Hangers and suSorts mounted on 
the frame of the vehicle, will keep the exhaust system 1n place a & H Ttr^ J the g^unt 

EXERCISE: Answer the following questions and check your responses against those listed at 
tne end of this study unit* 

1. State the purpose of the exhaust system. 



2. State why exhaust gases are considered dangerous. 



3. List the symptoms of carbon monoxide poisoning. 

a. 

b. 

c. 

d. 

e. 



4. State how the noise of engine operation 1s minimized. 



5. State the major cause of exhaust system failure. 



6. State how the common problems of excessive noise and back pressure are allevla^d. 



SUMMARY REVIEW 

, Afflhll f . In th1 * stud * un1t you learned how the exhaust system Incorporated with an Internal 

cS rtJeSt eng }h e e 2SK A 0 }" a H d C " H " harm : u1 9"es away froTthi ! ope? tor ? s 
compartment. The symptoms of carbon monoxide poisoning were also discussed. 

Answers to Study Unit #4 Exercises 
Work Unit 4-1. 

K SmJ!?tmlnt! 1Se ""^ ^ 9aS6S aWay fr0m the °P« r «tors/passenger 

3." ? ha SeSdache COnta1n Cdrb ° n monox1de * a colorless, odorless, deadly gas. 

b. drowsiness 

c. nausea 

d. unconsciousness 

e. death 

2' ?^nc^n 9 4 e c?2" S ^ 9dS J hrou 9 h * ser1e * of baffles 1n the muffler. 

225lSlll? 6 " 65 and part1cu1ar1 * the muffler due to heat and 

6. By replacing the bad components. 
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AUTOMOTIVE FUEL AND EXHAUST SYSTEMS 



REVIEW LESSON 



Instructions: This review lesson 1s designed to aid you 1n preparing for your final exam. 
You should try to complete this lesson without the aid of reference materials, but 1f you do 
not know an answer, look 1t up and remember what 1t 1s. The enclosed answer sheet must be 
filled out according to the Instructions on Its reverse side and mailed to MCI using the 
envelope provided. The questions you miss will be listed with references on a feedback sheet 
(MCI-R69) which will be mailed to your commanding officer with your final exam. You should 
study the reference material for the questions you missed before taking the final exam. 

A, Multiple Choice: Select the ONE answer that BEST completes the statement or answers the 
question. After the corresponding number on the answer sheet, blacken the appropriate 
circle. 

Value: 1 point each 

1. The three types of fuel used 1n Internal combustion engines are 

a. gasoline, dlesel, and coal. 

b. kerosene, LPG, and coal. 

c. natural gas, liquid petroleum gas, and fossil fuels. 

d. gasoline, dlesel, and natural gas. 

2. The volltmty of a fuel 1s 

a. the ability of fuel to flow. 

b. oxidation. 

c. the boiling Point of fuel. 

d. the heat value of fuel. 

3. The three stages of normal combustion Include formation (nucleus), propagation, and 

a. spreading. 

b. hatching out. 

c. pre-1gn1t1on. 

d. detonation. 

4. An explosion of the fuel-a1r mixture 1n the combustion chamber describes 

a. detonation. 

b. pre-1gn1t1on. 

c. normal combustion. 

d. propagation of combustion. 

5. Detonation may be caused by 

a. retarded Ignition timing. 

b. excessive carbon build up 1n the combustion chamber. 

c. high octane fuel. 

d. rich fuel-a1r mixture. 

6. A loss of power 1n an engine may be caused by 

a. normal combustion. 

b. detonation of fuel-a1r mixture. 

c. a defective fuel pump. 

d. a defective distributor. 

7. High valve temperatures or hot spark plugs can cause 

a. prooagatlon of flame front. 

b. normal combustion. 

c. pre-1gn1t1on. 

d. lean fuel mixture. 

8. Pre-1gn1t1on may lead to 

a. advanced timing of the spark. c. normal combustion. 

b. detonation. d. delayed formation of combustion. 
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9. Additives, such as tetraethyl lead, in gasoline tend to 



a. decrease detonation tendencies. 

b. Increase fuel consumption. 

c. decrease fuel consumption. 

d. retard Ignition tlmlnq. 

10. Automotive engineers have designed engines to use a higher combustion temperature to 
reduce exhaust emissions. What type of fuel do these engines use? 

a. Methanol c. Leaded qasollne 

b. Unleaded gasoline d. Alcohol 

11. Viscosity and cleanliness are two major requirements of dlesel fuel, what would be a 
third requirement? 

a. Octane 

b. Vol1t1l1ty 

c. Boiling point 

d. Ignition quality 

12. A dlesel fuel of good Ignition quality will Insure that the fuel will 

a. Ignite spontaneously and burn completely. 

b. lubricate the precision fitted parts. 

c. obtain optimum atomlzatlon upon Injection. 

d. produce paraffin. 

13. The Ignition quality of a dlesel fuel 1s Identified by Its 

a. octane rating. 

b. cetane rating. 

c. 1so-octane content. 

d. naphthalene content. 

14. Why must the viscosity of dlesel fuel be considered when determining the type of fuel 



a. To Insure the fuel flows freely and lubricates properly 

b. To Insure the fuel atomizes correctly 

c. To Insure the fuel flows freely, lubricates the pump and Injectors, and atomizes 
correctly at the lowest temperature encountered 

d. To Insure the fuel lubricates and atomizes properly 

15. Two Impurities normally filtered out of dlesel fuel by the fuel system on a vehicle are 

a. water and sediment. 

b. sulfur and paraffin. 

c. paraffin and carbon. 

d. water and paraffin. 

16. Cetane rating of dlesel fuel 1s determined by 

a. the percentage of 1so-octane content. 

b. a comparison with a fuel of known quantities of alpha methyl napthalene. 

c. the percentage of naphthalene. 

d. the comparison of 1so-octane and naphthalene. 

17. Which of the following elements significantly Influences carbon and deposit formation 
in the combustion chamber of a dlesel engine? 

a. Water c. Sulfur 

b. Iron d. Carbon 

18. Diesel fuel must be designed for the climatic conditions expected during a field 
problem or combat. Which type of dlesel fuel would you use 1f you were to operate 
vehicles 1n Korea during the winter and expect temperatures from -30° to -10° F? 

a. OF 1 c. OF 2 

b - CF A d. 92 Octane rating 



to use? 
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19. The purpose of the fuel system on an Internal combustion engine 1s to provide the 
engine with 



a. enough fuel. 

b. air at the proper rate. 



c. water for cooling. 

d. a combustible mixture of fuel and air. 



20. The components of a fuel system Include a fuel tank, carburetor, filter, and 



21. The purpose of a carburetor 1s to 

a. meter and vaporize fuel 1n the Intake manifold. 

b. meter and distribute fuel to the cylinders. 

c. meter and atomize fuel with air in proper proportions. 

d. vaporize and distribute fuel into the Intake. 

22. Fuel is brought into the air flow through the high speed circuit by the 

a. accelerator pump. c. choke. 

b. venturi action of the air flow. d. fuel pump. 

23. A carburetor consists of five circuits and a throttle valve. The five circuits are 
the choke, float bowl, high speed, , and circuits. 



a. medium speed, low speed 

b. fuel pump, venturi 

c. low speed, accelerator 

d. venturi, accelerator 

24. The low speed circuit routes air from the air horn past a siphon in the float bowl to 
a point below the throttle valve. This will provide 

a. a combustionable mixture for low speed operation. 

b. a combustionable mixture for medium speed operation. 

c. the engine with fuel at all speeds. 

d. the venturi action needed to pull fuel into the air stream at high speeds. 

25. The low speed circuit adjustment screw at the lower portion of the carburetor 
controls the 

a. engine speed. c. idle mixture. 

b. idle speed. d. venturi action. 

26. Where is a reservoir of fuel maintained in the carburetor? 

a. In the float circuit (bowl) c. In the choke circuit 

b. In the fuel pump d. In the venturi 

27. The choke is a device which 

a. allows the engine to run at high speeds. 

b. allows the engine to run at low speeds. 

c. aids in starting an engine when it *r cold. 

d. aids in leaning the fuel-air mixture when the engine is cold. 

28. An automatic ch \e senses the heat in the engine and automatically enriches the 
fuel-air mixture, What type of choke is applied by the operator? 

a. Vacuum c. Thermostatic coil 

b. Manual d. Exhaust heat valve 

29. Excessively choking a gasol r ^ engins causes carbon buildup on spark plugs and in the 
combustion chamber. What would immediately indicate that the choke has failed to 



a. intake manifold. 

b. exhaust system. 



c. ignition system. 

d. cooling system. 



open? 



a. High engine temperature and lack of fuel 

b. Black smoke in the exhaust and high engine temperature 

c. Increased gas consumption and flooding 

d. Flooding and lack of fuel 
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30. During normal operation of a vehicle (warm engine) the choke valve is 

a. closed. c. partially open. 

b. partially closed. d. open. 

31. When the choke is closed, raw fuel is pulled through the 

a. tow speed circuit. c. float circuit. 

b. accelerator circuit. d. high speed circuit. 

32. An offset choke valve (plate) allows the immediate leaning of the fuel/air r xture 
when a cold engine starts. By what other method is this accomplished? 

a. By closing the choke 

b. By a poppet valve in the choke plate 

c. By pressing the accelerator pedal 

d. By closing the idle mixture valve 

33. The fuel-air mixture, upon leaving the carburetor, travels through 

the which furthers the vaporization process and connects U the 

cylinders. 

a. venturi c. exhaust manifold 

b. manifold heat valve d. intake manifold 

34. On in-line engines, heat is applied to the fuel-air mixture to aid in vaporization by 

a. mounting the carburetor on the exhaust manifold. 

b. mounting the intake manifold on the exhaust manifold. 

c. incorporating a heat passage (crossover) in the intake manifold, 

d. routing a coolant hose near the carburetor. 

35. Why is heat applied to the fuel-air mixture? 

a. To aid in the metering of fuel 

b. To prevent ice from forming in the carburetor 

c. To aid in the vaporization process 

d. To prevent vapor lock 

36. The main reason for unequal fuel distribution is inefficient 

a. fuel vaporization. c. cooling system. 

b. heat control valve. d. carburetion. 

37. The four types of air filters are: oil bath, oil wetted mesh, paper element, and 

a. polypropalene. c. polysaturated. 

b. polyurethane. d. oil saturated paper. 

38. Dust particles entering the engine's Intake are removed by 

a. operating the engine with the hood closed. 

b. the oil filter. 

c. the air filter. 

d. moving the vehicle to a le<>s dusty condition. 

39. The air entering an engine must be clean or will result. 

a. excessive filtration c. a lean fuel-air mixture 

b. excessive wear d. a dirty carburetor 

40. The preferred method of servicing a paper element (dry) air filter is to 

a. blow the dirt out from the inside of the element with air. 

b. tap the element on a hard surface. 

c. replace the element. 

d. wash the element in solvent. 

41. The most efficient air filter 1s the 

a. oil bath. c. paper element (dry). 

b. oil wetted mesh. d. polyurethane. 
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42. 



A fuel pump supplies fuel to the 



a. engine. 

b. carburetor. 



c. 
d. 



fuel tank, 
cylinders. 



43. Two types of fuel pumps are 

a. positive displacement and suction. 

b. nonposltlve displacement and pushing. 

c. mechanical and electrical. 

d. mechanical and positive displacement. 

44. A fuel pump 1s considered to be good 1f the minimum pressure 1s at least 

*• 5 ps1. c. 5 kpm. 

b. 8 ps1. d. 8 kpm. 

45. To satisfy fuel demands for all operating occasions a fuel pump must deliver about 

a. one quart of fuel per hour. 

b. one pint of fuel per minute. 

c. one quart of fuel per minute. 

d. one gallon of fuel per minute. 

46. Electric fuel pumps have several advantages. They Include: several pumps may be 
used, fuel does not pulsate, reduced tendency for vapor lock, and 

a. fuel 1s supplied when the starter 1s activated. 

b. fuel 1s supplied when the switch 1s turned on. 

c. the pump does not become defective. 

d. the pumping action does not spurt. 

47. To check the delivery volume of a fuel pump, you would disconnect the fuel line at 
the and 

a. fuel pump, observe the pressure. 

b. fuel pump, observe the vacuum gauge. 

c. carburetor, observe the pressure. 

d. carburetor, observe the quantity delivered. 

48. The purpose of a dlesel fuel Injection system 1s to Inject the correct amount of fuel 
Into the combustion chamber at 

a. the proper Instant. c. a synchronized pressure. 

b. a predeslgnated pressure. d. the anachronous moment. 

49. A dlesel fuel system must perform several functions for the engine to run 
efficiently. They Include the distribution, atomlzatlon, pressurlzatlon, 
timing , , and of fuel. 



a. compression, vaporization 

b. mete !ng, controlled Injection 

c. viscosity, Injection 

d. Injection, vaporization 

50. In a dlesel fuel Injection system, pressurlzatlon and atomlzatlon are controlled by 



a. fuel pump of filter. c. pressure regulator. 

b. governor. d. Injector or injector spring. 

51. The three types of dlesel fuel Injection systems used on motor transport vehicles are 
the distributor, unit injector, and systems. 

a. pump controlled (jerk) c. Roosa Master 

b. common rail d. electronic 
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52. The M809 and M939 vehicles use a Cummins (common rail) fuel system. How Is the fuel 
metered 1n these vehicles? 

a. By the pressure regulator 

b. By the governor 

c. By the fuel pressure at the fuel inlet orifice and the time the Inlet orifice 1s 
open 

d. By the distance the Injector plunger moves to receive fuel 

53. A unit Injector on a Detroit dlesel engine has five functions. These Include timing 
Injection, pressurizing fuel, atomizing fuel, controllng Injection, and 

a. distributing fuel to cylinders. c. metering fuel. 

b. regulating fuel pressure. d. regulating return fuel. 

54. Some military vehicles use a supercharger. One type 1s a positive displacement 
"Rootes" blower while another 1s a(n) 

a. electric fan. c. naturally aspirated blower. 

b. exhaust powered turbocharger. d. venturl. 

55. In the PT fuel system, fuel 1s metered by the 

a. pressure of fuel at the metering orifice and the time the orifice 1s open. 

b. regulated fuel pressure and the governor. 

c. fuel metering valve. 

d. pressure regulator at the plunger Inlet. 

56. The principle of the PT fuel system 1s that by changing the pressure 1n a fuel line 
the also changes. 

a. timing of Injection 

b. rate of atomlzatlon 

c. amount of fuel delivered 

d. time the metering orifice 1s open 

57. The PTG fuel pump operates between 

a. 26 and 100 ps1. 

b. 26 and about 176 ps1. 

c. 30 and about 150 ps1. 

d. 30 and 200 ps1. 

58. Fuel flow of the PT system at low Idle and at high Idle 1s controlled by the 

a. pressure regulator. 

b. delivery valve. 

c. governor. 

d. throttle. 

59. A spring and plunger 1n the governor assembly controls fuel flow through a port at 26 
ps1 for 

a. Intermediate speeds. c. high Idle. 

b. low Idle. d. low Idle and high Idle. 

60. In a PTG fuel pump bypass fuel provides 

a. fuel through the Injectors. c. lubrication of the Injectors. 

b. fuel for Intermediate speeds. d. cooling and lubrication of the pump. 

61. In a PTG fuel pump the fuel pressure (flow) between Idle and maximum speeds 1s 
controlled by the 

a. pressure regulator. 

b. throttle. 

c. governor. 

d. Idle port. 
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The opening of the Inlet port 1,i the PT-D fuel Injector Is controlled by 

a* fuel pressure* 

b. governor action* 

c* the camshaft* 

d. the position of the throttle. 

Which of the following components ±]]o*$ fuel pressure to build In the PTG fuel pump 
and also permits fuel to flow to ';he hijactors? 

a* Fuel shutdown valve 

b* Governor 

c* Transfer pump 

d. Pressure regulator 

The components of a unit Injector fuel system Include a gear type fuel pump, unit 
Injectors, 

a* distributor head, and pressure relief valve* 

b. control tube, and PT-D Injector nozzle. 

c. control tube, and restricted fitting. 

d. restricted fitting, and high pressure lines. 

The gear type pump on a Detroit dlesel engine supplies fuel to the Injectors 
at pressure. 

a. high c. variable 

b. low d. moderate 

A unit Injector performs five functions. They are the atomlzatlon of fuel, 
pressurlzatlon, timing of Injection, 

a. supplying fuel, and control of Injection. 

b. distribution, and metering of fuel. 

c. controlling Injection, and distribution of fuel. 

d. metering fuel, and controlling Injection. 

The restricted fitting 1n the fuel return line of a unit Injector fuel system 
maintains 

a. fuel pressure 1n the Inlet manifold. 

b. fuel 1n the return line to the tank. 

c. fuel Pressure in the return line to the tank. 

d. high pressure throughout the fuel system. 

The fuel pump Incorporated with the unit injector fuel system provides an excessive 
amount of fuel for 

a. metering and the return fuel. 

b. cooling and lubricating the unit Injector. 

c. cooling the fuel pump. 

d. maintaining an adequate level of fuel 1n the tank. 

The control tube on an engine with the unit Injector fuel system Is operated by the 
governor. Movement of the rack 

a. controls maximum engine speed. 

b. controls minimum engine speed. 

c. meters fuel according to load. 

d. varies the amount of fuel supplied by the pump. 

In a unit Injector, the distance the plunger moves aftar the upper and lower ports 
are closed by the position of the helix Is 

a. the effective stroke. 

b. varied by the return fuel. 

c. governed by the fuel pump. 

d. the maximum stroke. 
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71. When tuning a unit Injector fuel system, positioning the Injector rack control levers 
Is done after adjusting the 

a. high Idle no load. 

b. idle speed, and ilgh Idle no load. 

c. fuel pump pressure. 

d. exhaust valve clearance, Injector timing, and governor gap. 

72. The fuel Injection pump on the M1009 (CUCV) meters, pressurizes, distributes, 
and the fuel. 

a. times c. Injects 

b. atomizes d. controls the pressure of 

73. Paraffin formation In dlesel fuel Is critical to the operation of the M 1009 (CUCV). 
At what temperature doss paraffin begin to form? 

a. 30° F c. 200 f 

b. 10° F d. 0° F 

74. The fuel filter on the M1009 (CUCV) Incorporates a two-stage pleated paper filter, 
water separator, 

a. fuel heater, and water sensor. 

b. fuel heater, and filter sock. 

c. water sensor, and pressure regulator. 

d. pressure regulator, and fuel bypass. 

75. At what point when trouble-shooting the M1009 (CUCV) fuel system do you remove the 
Injector pump for testing? 

a. When the malfunction first Indicates the Injection pump or other fuel system 
components 

b. When the cause Is In the fuel system 

c. After all other causes of the malfunction have been eliminated 

d. After the cause Indicates a problem other than 1n the fuel pump 

76. The automatic advance mechanism Insures that the fuel pulse arrives at the cylinder 
during 

a. low speeds. c . the start up of the engine. 

b. Intermediate speeds. d. high speeds. 

77. The vent wire assembly In the M1009 (CUCV) injection pump removes air from the fuel 
and 

a. controls the amount of return fuel. 

b. controls the amount of bypass fuel. 

c. allows air to cool the Injection pump. 

d. allows fuel to enter the transfer pump. 

78. The metering valve In the distributor Injection pump receives fuel by the 

a. fuel shutdown valve and the transfer pump. 

b. advance mechanism and the vent wire assembly. 

c. throttle at Intermediate speeds and the governor at minimum or maximum speeds. 

d. transfer pump and discharge plungers. 

79. The plungers and cam ring act together to 

a. pressurize the fuel for delivery to the Injectors. 

b. meter the fuel. 

c. aid the discharge valve to retain residual pressure 1n the high pressure line. 

d. aid the transfer pump Intake of fuel. 
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Aiding the nozzle plunger to reseat, which prevents fuel from dribbling Into the 
precombustlon chamber, 1s a function of the 

a. vent wire assembly. 

b. metering valve. 

c. cam ring and plungers. 

d. delivery valve. 

Timing the Injection of fuel for high speed operation 1s adva»- by the 

a. governor acting on the pressure valve. 

b. advance mechanijm rotating the cam ring. 

c. throttle Increasing the metered fuel. 

d. governor restricting the bypass fuel. 

The reduction of noise 1s one purpose of an exhaust system. Another purpose would be 
to 

a. carry exhaust gas away from the operator/passenger compartment. 

b. reduce emissions. 

c. recirculate exhaust gases to the engine. 

d. reduce exhaust back pressure. 

Why 1s exhaust gas from an Internal conbustlon engine considered dangerous? 

a. Because exhaust gas contains volatile hydrocarbons 

b. Because the exhaust of an engine contains carbon dioxide at a deadly level 

c. Because the gas contains carbon monoxide, a colorless, odorless, deadly gas 

d. Because a catalytic converter must be used to reduce the deadly properties 
contained in the exhaust gas 

A result of carbon monoxide poisoning can be death. Symptoms include 
unconsciousness, drowsiness, headaches, and 

a. a period of blackouts. 

b. sleepiness. 

c. fatigue. 

d. nausea. 

The noise produced by an internal combustion engine is reduced by 

a. the catalytic converter. 

b. passing the exhaust through a series of baffles in the muffler. 

c. the distance to the end of the tailpipe. 

d. allowing the exhaust to recirculate through the engine. 

Exhaust system failure is caused chiefly by 

a. external damage to the sy 1 . n. 

b. improper repair of malfun ns. 

c. corrosions produced by hea. and condensation. 

d. external corrosion produced by constant contact with salts distributed on roads 
to melt ice. 

Common problems of excessive noise, back pressure, or carbon monoxide in the 
passenger's compartment may be corrected by 

a. replacing the bad components. 

b. repairing the holes in the system. 

c. tuning the engine. 

d. not operating the vehicle on icy roads. 
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APPENOIX I 
TROUBLE-SHOOTING FUEL SYSTEM (M939) 

1. ENGINE WILL NOT CRANK 

Step 1. Check for mechanical or hydraulic seizure. Remove fuel Injectors f6r crankshaft 



a. Try to rotate crankshaft manually using engine barring tool. 

b. If crankshaft will not rotate, go to step 2. 

c If crankshaft rotates and liquid Is discharged, check 1f liquid Is coolant or 
f uel . 

d. If liquid is coolant, replace cylinder heads. 

e. If liquid Is fuel, replace fuel Injectors. 

Step 2. Engine must be Inspected for extent of Internal damage. 
Reolace engine. 

2. ENGINE CRANKS, FAILS TO START 

Step 1. Check for defective fuel shutoff valve. 

Remove, Inspect, and replace, If necessary, with new fuel shutoff valve. 
Step 2. Check for broken fuel supply pump drive shaft. 

a. Remove tachometer cable from fuel pump; crank engine and observe If drive 
shaft end In pump housing Is rotating. 

b. If drive shaft does not rotate, replace fuel pump. 
Step 3. Check for Incorrect fuel Injector and valve adjustments. 
Step 4. Check for possible dirty or damaged fuel injectors. 

Remove, Inspect, and replace if necessary with new fuel injectors. 
Step 5. Adjust valve and injector clearances. 
Step 6. Replace fuel pump. 

3. ENGINE IDLE-ROUGH, ERRATIC 

Check for Incorrect Injector and valve adjustments. 
Adjust injector and/or valves. 
Replace Injectors. 

If rough idle continues, replace fuel pump. 

4. EXCESSIVE FUEL CONSUMPTION 

Adjust Injector. 
Replace fuel injectors. 

5. EXCuSSIVE EXHAUST SMOKE AT IDLE ANO UNDER LOAO 

Step 1. Check for incorrect fuel injector and valve. 



rotation test. 



Adjust if necessary. 




ble dirty o^ damaged fuel injectors. Remove, Inspect, and replace, 
ith new fuel injectors. * 
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Step 3. Replace fuel pump. 

If malfunction 1s not corrected, go to step 4. 
Step 4. Check cylinder heads. 

a. Remove cylinder heads and check for: 

1) Cylinder head warp. 

2) Faulty gaskets. 

3) Burned valves. 

b. While cylinder heads are removed, check cylinder liners and pistons for: 

1) Worn or scored cylinder liners. 

2) Broken piston rings. 
6. ENGINE FAILS TO STOP 

Step 1. Check fuel shutoff valve and solenoid. 
Step 2. Replace defective fuel shutoff valve. 
?. ENGINE MISSES 

Step 1. Check fuel Injectors (see malfunction 5). 

If malfunction 1s not corrected* go to step 2. 
Step 2. Check for Improper valve seating, burnt valves. 

8. LOWER POWER-LOSS OF POWER 

Step 1. Check for Incorrect fuel Injector and valve adjustments, adjust 1f necessary. 
Step 2. Check fuel Injectors (see malfunction 4). 

If malfunction Is not corrected, go to step 3. 
Step 3. Replace fuel pump with calibrated replacement unit. 

If malfunction 1s not corrected, go to step 4. 
Step 4. Ch' :k cylinder heads (see malfunction 5, step 4). 

9. ENGINE OVEF .>E£DS 

Replace fuel pump with calibrated replacement unit. 

10. ENGINE LUBRICATING OIL DILUTED BY FUEL 

See malfunction 5. 

11. ENGINE FUEL KNOCKS 

Step 1. Check valve and Injector timing. 
Step 2. 'See malfunction 4. 
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Step 5. Trouble-shoot fuel system. 

Step 6. Check ambient air temperature. Power decrease of 0.15 to 0,5 horsepower per 
cylinder for each 10°F. temperature rise above 90°F will occur. 

Step 7. Trouble-shoot turbocharger. 
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APPENDIX III 
TROUBLE-SHOOTING 6.2 LITER FUEL SYSTEM (M1008) 

1. BLEED AIR FROM FUEL SYSTEM 

Step 1. Open plug on top of fuel filter. 

Step 2. Crank engine for 10 seconds at a time or until fuel flows continually from plug 
outlet. 

Step 3. Close plug on top of fuel filter. 

Step 4. Crank engine for 10 seconds at a time until engine starts. 

Step 5. If engine will not continue to run, repeat steps 1 through 3 until engine Idles 
and runs properly. 

2. ENGINE CRANKS, BUT WILL NOT START 

Step 1. Check to see 1f there 1s fuel 1n tank. 

Refuel 1f necessary. 
Step 2. Check starting procedures. 

Correct starting procedures are 1n TM 9-2320-289-10. 
Step 3. Check glow plugs. 

Replace 1f necessary. 
Step 4. Check glow plug control system. 

Replace 1f necessary. 
Step 5. Check for fuel to Injector pump. 



Caution: Direct fuel spray away from source of Ignition. 
Step 6. Check for restricted fuel filter. 

Replace 1f necessary. 
Step 7. Check fuel pump operation. 

If no fuel flows, replace fuel pump. 
Step 8. Check for plugged or crimped fuel lines. 

Clear restriction 1n f^el lines. 
Step 9. Check for contaminated or Incorrect fuel. 

Remove fuel tank and replace fuel as necessary. 

Note: If STE/ICE 1s available, perform NG 30- engine crank-no start. (See TM 
9-2320-289-20) 

Step 10. Inspect Injector pump for malfunction. 

Remove injector pump for repair. 

3. ENGINE STARTS, BUT WILL NOT CONTINUE TO RUN AT IDLE. 

Step 1. Check for plugs, crimps and leaks 1n fuel lines. 

Check restriction in fuel return lines and repair leaks. 
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Step 2. Check glow plugs ODeratlon. 

Replace glow plugs or controller as necessary. 
Step 3. Check operation of Injector pump. 

Report to DS maintenance. 
Step 4. Check for contaminated or Incorrect fuel. 

Remove fuel tank and replace fuel as necessary. 
Step 5. Check operation of fuel pump. 

Replace If necessary. 

4. ENGINE STARTS, IDLES ROUGH (WITHOUT ABNORMAL NOISE OR SM0<E) 
Step 1. Check operation of Injector pump. 

Report to DS maintenance. 
Step 2. Check fuel lines for plugs, crimps, and leaks. 

Clear restriction In fuel lines and repair leaks. 
Step 3. Check for air fuel system. 

Install clear plastic tubing on fuel return line from engine. If bubbles appear 
In tubing when engine Is cranking or running, this Indicates an air leak. Locate 
and repair leak. 

Step 4. Check for Incorrect or contaminated fuel. 

Remove fuel tank and replace fuel as necessary. 

Step 5. Inspect for Injection nozz'e(s) malfunction. Remove and replace as necessary. 

5. ENGINE COLD-STARTS AND IDLES ROUGH WITH EXCESSIVE NOISE AND/OR SMOKE, BUT CLEARS UP AFTER 
WARM UP vuuH^j v 

Step 1. Check break-In mileage. 

Break in engine at 2000 miles (?200 km) or more. 
Step 2. Check for inoperative glo plugs. 

Replace glow plugs as necessary. 
Step 3. Check for Injector nozzle(s) malfunction. 

6. ENGINE WILL NOT RETURN TO IOLE 

Step 1. Check external linkage for damage. 

Step 2. Check Injection pump for internal damage. 

7. FUEL LEAKS ON GROUND - NO ENGINE MALFUNCTIONS 

Step 1. Inspect for loose or broken fuel line or connection. Examine complete fuel 

system, Including fuel tank, fuel pump and injector lines. Determine source and 
cause of leak. 

Repair leak. 

Step 2. Inspect Injector pump internal seal. 

Remove Injector pump for repair. 
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8. NOTICEABLE LOSS OF POWER 

Step 1. Check air cleaner element and polywrap. 

Remove and Install new air cleaner or service as necessary. (Refer to TM 
9-2320-289-10.) 

Step 2. Check for plugged fuel filter. 

Install new fuel filter as necessary. 
Step 3. Check for plugged fuel tank vacuum vent 1n fuel cap. Remove fuel cap. 

If loud "hissing" sound Is heard, vent Is plugged (slight hissing sound Is normal). 
Replace as necessary. 
Step 4. Check for plugged fuel system from fuel tank to Injector pump. 

Flush out f Mel line from tank to Injector pump as necessary. 
Step 5. Check for pinched fuel lines In system. 

Replace as necessary. 
Step 6. Check for Incorrect or contaminated fuel. 

Remove fuel tank and replace fuel as necessary. 

Step 7. Check for external compression leaks. 

Apply "Leak-Tec" to all nozzles and glow plugs. If leaks appear, tighten nozzle 
or glow plug. 

Step 8 Check for damaged exhaust system. 

Repair or replace as necessary 
Step 9. Inspect for compression leaks at all nozzles and glow plugs. 

If leak is found, tighten nozzle or glow plug. 
Step 10. Remove nozzles and check for plugging. 

Repair or replace. 

9. N0ISE-"RAP'» FROM ONE OR MORE CYLINDERS (SOUNDS LIKE CONNECTING ROD BEARING KNOCK) ' 

Step 1. Inspect for nozzle(s) sticking open or with very low nozzle opening pressure. 
Remove nozzle for test and replace as necessary. 

10. EXCESSIVE BLACK SMOKE AND/OR OBJECTIONABLE OVERALL COMBUSTION NOISE 
Step 1. Inspect injector pump for Internal problem. 

Remove injector pump for repair. 

11. ENGINE WILL NOT SHUT OFF USING KEY 

Step 1. Check operation of fuel shut down valve. Repair as necessary. 
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